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PERIODICITY OF RESPONSE IN OPERANT EXTINCTION 
FOLLOWING CONTINUOUS AND FIXED RATIO ` 
REINFORCEMENT TAN 


BY 


Н. M. B. HURWITZ, 
From the Department of Psychology, Birkbeck College 


by 


The rate of response during an extinction session of two, groups of rats, trained under 
a continuous and a fixed ratio reinforcement schedule respectively, was examined. It 
was found that both sets of data required a two factor analysis, factor г, describing the * 
rate of response during response burst periods and factor tg the rate of quiescent, non- 
response periods. Both reinforcement and extinction sessions were analysed witlf respect 
to response pattern distributions. It was found that on this variable the two groups 
differed significantly from each other. 


Many attempts have been made to describe mathematically the rate of response 


.during experimental extinction. Perhaps the most favoured description is Ellson’s 


(1939) formulation in which changes of response rate are predicted by 2 negatively 
exponential equation.! A 
However, the typical operant extinction curve in which cumulative response ^ 

frequency is plotted as a function of time, shows such gross perturbations as to 
suggest that multiple factors are required to sustain a quantitative description of 
the data. Fortunately a technique exists to test whether an array" of scores derives 
from a continuous distribution, and can therefore be described by a monotonic growth 
function, or whether the scores are sampled from a multimodal distribution. This 
technique which tests the empirical variance of scores against a theoretical variance 
has been briefly described in a previous paper (Hurwitz, 1957). There we were 
able to show that the frequency of response intervals equal to or more than 2 min. 

is consistently greater from the onset to end of an operant extinction session than 
predictable by a monotonic function. Such long inter-response intervals occurred 
with a high probability within the first few minutes of the extinction session and 
increased in a positively accelerated manner. Support is therefore given to a two 
factor analysis of extinction data, factor rą describing the rate of response during 
response bursts periods and factor tg the rate of quiescent, non-response, periods. 

ə The original analysis was undertaken with data drawn from an experiment 
in which rats were trained under a continuous reinforcement schedule (CRF) where 
every occurrence of the referent response, lever pressing, provided a reinforcing 


1 Ellson’s equation г = R (1-e~»t) may be construed as a transformation of an 


equation to represent changes in,inter-response intervals (IRT’s), 
ТЕТ = n/p loge(R/R-r) where К is the asymptote and г the number of respqnses. 
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stimulus, food. It remains to establish whether this two factor approach is equally 
serviceable in the analysis of extinction data after different reinforcement conditions, 
The present study compares the extinction,data drawn from two groups of animals, 
one group trained under a CRF schedule, the other group trained under a fixed 
ratio (FR) schedule. 


THE EXPERIMENT 


Subjects. Eleven, 3-month-old, hooded rats from the closed colony of animals main- 
tained by the--nimal laboratory, Department of Psychology, were used. They were 
allocated to two groups. 

Apparatus. The lever pressing apparatus used has been described elsewhere (Hifrwitz, 
1958). ‘The lever and the food dispensing machine were mounted on the same wall of 
a 12 in. square-vux, 5 in. apart. The food dispenser which delivered 0-04 gm. of food 
into a recessed food tray was placed behind a perspex swinging door which had to be 
nuzzled open to give access to food. The electrical circuits were arranged so as to deliver 
food cnly after the tray door was opened. Each lever press resulted in a buzzer sounding 
for as long as the lever was held down. The apparatus was enclosed in a sound-proofed 
chamber. ДЖ 

Records. Lever responses and tray opening responses were recorded on an electronic 
serial event and time recorder loaned by N. Welford, Cambridge. 

Habituation and feeding schedule. The subjects were maintained for three weeks 
prior to the first experimental session on a feeding schedule which made food available 
once daily for 2 hr. They were kept on this schedule for the duration of the experiment. 
These animals, as is customary in our laboratory, had received handling from infancy. 

Trwining procedure. Тһе two groups, designated CRF апа FR, were made up of 
six and five animals respectively. They were given four preliminary training sessions. 
On each session five reinforcéments only were given. On the first session, three pellets 
were placed into the tray. А further five pellets were then delivered by the experimenter 
operating an external switch, the presentation of each pellet being preceded by an auditory 
stimulus (a 0:5-sec. buzz). 

On the fifth ‘day, each subject was placed in the apparatus for half an hour. The 
circuits were programmed to deliver a pellet whenever a lever response was followed 
by a tray response. If the subject delayed between lever press and tray response for 
more than 20 sec., the reinforcement programmer was reset automatically. All animals 
in both groups were first trained on a continuous reinforcement schedule until the criterion 
of securing a total of 7o reinforcements over two successive sessions was reached. The 
schedule was then changed for Group FR: reinforcement was made contingent on emitting 
three lever respunses. This arrangement was maintained for five half-hour sessions. 
Group CRF, on the other hand, were given a further five half-hour sessions under a 
continuous reinforcement schedule. 

The final phase involved experimental extinction and lasted for two half-hour sessions 
only. During this period the lever continued to operate the buzzer but the food magazine 
was emptied of pellets. ? 

A a 
RESULTS 
Rate of response during reinforcement sessions 


The rate of lever and tray responding during the final two reinforcement sessions" 
for Group CRF and Group FR as also the number of reinforcements per session af 
given in Table I. The rate of lever response is significantly different for the two 
Groups, Group CRF mean = 04:9 vs. Group FRmean = 127:4. These results are in 
line with general findings on the effect of fixed ratio schedules on response rate 
(see Boren, 1953). The difference in rate of tray responding is not significant, 
however, Group CRFmean = 128:6 vs. Group FRmean = 1412. A Mann-Whitney 
test for small samples (Siegel, 1956) performed on the number of reinforcements 
obtained, shows Group CRF to have secured more reinforcements per session than 
Group FR (Group CRFmean = 55:0 vs. Group FRmean = 40:8, p = 0:01). 


jc 
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х TABLE I 


FREQUENCY OF REINFORCEMENT, LEVER AND TRAY RESPONSES ON THE FINAL Two 
TRAINING SESSIONS AND FREQUENCY OF LEVER AND TRAY RESPONSES ON THE Two 
EXTINCTION SESSIONS 


„3З 


CRF Training 


9 


Semi-final training trial Final training trial Extinction I Extinction II 
S L T N L T N L T L T 
— >. 
I 70 147 47 60 148 51 II9 196 72 127 
ge 60 128 59 83 126 78 81 via 41 „129° 
3 5ї 117 42 57 160 40 84 тї 53 "| „79 
4 76 124 68 64 105 50 84 128 444 94 
5 67 126 61 78 125 68 4I III 30 89 
6 78 152 63 35 86 34 109 II9 54 128 
* 
FR Training 
I 140 183 46 147 158 46 171 229 II3 129 
2 112 144 43 156 171 51 92 150 53 50 
3 127 162 40 143 189 47 115 133 47 54 
4 IIO 94 36 54 109 18 120 117 86 128 
5 125 92 34 160 IIO 47 127 129 206 тоо 


CRF—continuous reinforcement ; FR—fixed ratio reinforcement; L—lever responses; 
T—tray responses; N—number of reinforcements; S—subjects. 


Raie of response during extinction sessions 


The difference in the number of lever responses over the two experimental 
extinction sessions between Group CRF and Group FR is significant, Group 
CRFmean = 135°3 vs. Group FRmean = 204:8, p = 0:02. A similar analysis for 


total number of tray responses made over the two sessions was not significant, |... 


Group CRFmean = 248:3 vs. Group FRmean = 2440. The reSults for the lever 


Responses 


l 10 


mn 


FIGURE 1 


Minutes 


Mean response frequency/minute during the first experimental extinction session for 
Group СКЕ, continuous reinforcement trained, and Group FR, fixed ratio reinforcement 
PES. trained. 
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response rates are in line with related studies on the effects of schedules of rein- 
forcement on,extinction scores (Jenkins and Stanley, 1950; Keller and Schoenfeld, 
1950; Ferster and Skinner, 1957). Figure т represents the response frequency for 

› both groups as a function of time in the first extinction sessions. The graph shows 
that by and large the rate of response is consistently higher following fixed ratio 
reinforcement than following continuous reinforcement training. 

A further analysis of lever scores identical to the procedure described in the 
eartier study (Hurwitz, 1957) was undertaken. The two extinction sessions were 
treated together for purposes of this analysis and were divided into 30 two-min. 
periods. The resultant array of cells was examined and all cell entries of о and т 
were regarded as indicative of quiescent periods, to, and all entries of above»2 as 
active periods, tą. Figure 2 shows the cumulative response frequencies for successive 
t,'s plotted as a‘tunction of time. The curves are slightly decelerated but diverge 
from each other, thus indicating (a) a gradual decrease in response rate during the 
sessions for both groups, (b) an overall slower rate of response for Group CRF. 


FIGURE 2 


Cumulative responses 


$ 8 


40 =FR 
=E CRE 


3 60 
Minutes 


Cumulative (mean) response frequencies for successive 2-min. active periods. For each 
point plotted the total group score was divided by the number of subjects who in that 
period had emitted lever responses. 


Figure 3 presents the data for the first extinction session only in a differerit 
form. The ratio of tg to the total number of cells for each 3-min. period was 
computed. This calculation defined the variable Pr(tg), ie. the probability of a 
non-response interval greater than 3 min. Units of 3 min. were chosen, rather 
than 2 min. as above, because the function tables provided by Bush and Mosteller 
(1955) for comparing theoretical and empirical variances contain ro steps only. 
The graph shows that Pr(to) increased as a function of time elapsed and that the 
rate of increase of Pr(tg) is slightly greater for Group СКЕ than for Group ЕК. * 
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FIGURE 3 
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Probability of a silent period (tq) 


Intervals/extinction session 


The probability of a silent, quiescent period, Pr(tg) for Group CRF and Group FR plotted 
as a function of successive periods during experimental session т. Each division’ of the 
abscissa represents a 3-min. period. 
° 


Two factor analysis 


The rate of response curves shown in Figure т (extinction session т) indicate 
considerable changes in rate over successive periods. The present analysis sought 
to establish whether the general change in rate could be predicted by à monotonic , 
growth function, or whether the present data, particularly the rate for subjects 
trained under a fixed ratio reinforcement schedule, exhibits the same bí-modal 
trends previously observed for continuous reinforcement trained subjects. 

Each subject's extinction scores (extinction x scores only were used) were grouped 
into 3-min. intervals. By using a maximum likelihood procedure, the variance of 
the resultant array of scores was compared to the variance of a theoretical array 
of scores which had been calculated on the assumption that the rate of change in 
Scores declines in a monotonic manner. This technique makes use of a function 
defined by Bush and Mosteller (1955), namely gr(d). Thus, given the initial rate 
of response for each subject, the computations permit a comparison between an 
empirical and a theoretical distribution. Calculations showed that tho variance 
for both Group CRF and Group FR exceeded the limits allowed, i.e. that a monotonic 
function could not be fitted to express changes in rate of response. 


Run length distributions 


In previous experiments using a two response situation like that described here, 
the run length measure has been found to be a useful additional dependent variable 
(Fechner, 1958; Hurwitz, 1958). Where reinforcement is contingent on emitting 
two classes of response, say R4 and Rs, a run length may be defined as the number 
of successive responses of class R4 before a change to the second class, Rg, occurs. 
The fixed ratio schedule used required that three lever responses be emitted before 
reinforcement followed a tray response. Table II gives the run length distributions 
expressed as percentages of the total number of runs observed, for each subject 
during both the final reinforcement and first extinction session. The run length 
distribution for Group CRF matches, within limits, that already observed in a subse- 
quent study where run lengths rarely exceed 1: the pattern appears to be one of 
strict alternation. In extinction this pattern changes and gives way to longer and 
longer runs of both lever and tray responses (see Millenson and Hurwitz, 1961). 
Group FR, by contrast, shows«that in many cases run lengths greater than I are 
observed during the reinforcement session (Fechner, 1958). Subsequent experiments 

v e 
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TABLE II 


Run LENGTH DISTRIBUTIONS DURING THE FINAL CONTINUOUS AND Frxep Ratio 
REINFORCEMENT AND DURING THE First HALF-HOUR EXTINCTION SESSIONS 
Т 


Run length distributions 


Final reinforced | CRF Final reinforced FR 
Session | Extinction Session Extinction 
S - 
L-+T | LLoT | >LLL-T| L—T | LL-T | >LLL—T|| L—>T | LL>T | >LLL—>T| LT |LL—T | -LLL-T 


(Hurwitz, Brener and Jones, 1962) in which training on different fixed ratio schedules 
was carried on for much longer periods, have shown that run length distributions 
peak at the values specified by the reinforcement schedules. During extinction, 
run length of three (or more) successive responses on the lever significantly exceed the 
relative frequency of such lengths observed during reinforcement. A comparison 
of run length distributions under extinction between Group CRF and.Group FR 
showed that Group FR makes significantly more long runs than Group CRF (the 
relative frequencies for category LLL — T in Table II were ranked and tested by 
a Mann-Whitney test; p < 0:01). j 


DISCUSSION j 


The aim of the present study was to investigate whether the conclusion reached 
on a previous occasion (Hurwitz, 1957) that the temporal distribution of extinction 
scores following, continuous reinforcement training (CRF) is most appropriately 
described Гу two factors, one referring to the rate of response during response burst 
periods, the other describing the incidence of quiescent periods, holds also for fixed 
ratio (FR) trained subjects. The fixed ratio schedule used required three lever 
presses to ensure reinforcement. The results show that despite the overall higher 
extinctioi response rate following FR training, the temporal distribution of responses 
is clearly bi-modal. It was also shown that such long breaks in response bursts 
occurred more slowly for FR subjects than CRF ones. 

In interpreting these results reference must be made to the finding by Boren 
(1953) in his extensive study of behaviour under different fixed ratio schedules, 
that the rate of response during reinforcement sessions is discontinuous. It appears 
that there are breaks after reinforcement, the size of the break increasing with 
the size of the ratio employed. Although Boren, too, observed alternations between 
periods of rapid responding and slow responding during extinction sessions, no 
attempt. was made to establish whether the break periods were in any Way 
correlated with the pause after reinforcement periods during training sessions. 

Now, the explanation of the break after reinforcement phenomenon may well 
be along the following lines: the fixed ratio schedule is an indirect method of spacing 
reinforcements. A more satisfactory arrangement, where intervals between succes- 
sive reinforcements would be under experimental control, is the fixed interval type 
schedule. Here it is observed that pause length is a function of the size of the 
interval. A related finding (e.g. Millenson, 1959) comes from studies where the 
intervals between successive reinforcements are controlled as also the portion of 
time within each interval during which the response— which theoretically covld be 
emitted at a constant rate throughout the interval—eventuates in a reinforcement. 

> 2 
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However, none of these studies attempts to correlate the inter-response intervals 
observed during reinforcement sessions with their distributions during experimental 
extinction. The present result suggests a negative correlation, but clearly more 
experimental evidence is needed before one can commit oneself to this conclusion. 
It is also clear that such a study would require different kinds of data from that 
reported"here: it would necessitate recording successive inter-response times which 
could yield proper distributions (e.g. Millenson and Hurwitz, 1961). 

Thus the more general question is raised of the relation between response measures 
obtained under reinforcement and extinction. One promising leadecomes from an 
examination of run length distributions. Here a positive relation between the 
effect’s of reinforcement and extinction are seen since subjects $rained Ьу“ ап FR 
schedule tended to emit significantly longer runs during both phase; of the experiment 
than CRF trained animals. sm 


"The experiments were supported by a grant in aid from the Central Research Fund, 
University of London, 1956. i 
t 
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PHYSIOLOGICAL DRIVES INVESTIGATED BY MEANS 
OF INJECTIONS INTO THE CEREBRAL VENTRICLES 
OF THE RAT 


BY 


L. J. HERBERG* 
From the Institute of Experimental Psychology, Oxford University 


> 


A technique is described for permanently implanting a cannula in the lateral ventricle 
of the rat, and the-effects on certain physiological drives of various substances injected 
by this route were investigated. 

Food intake was significantly reduced by intraventricular glucose, while intra- 
ventricular fructose, insulin, glucagon and a lipid-mobilizing agent were without effect. 
Drinking was elicited by hypertonic saline and suppressed by hypotonic solutions. The 
intake of salt was not effected by intraventricular low-sodium solutions. Intraventricular 
procaine, but not alcohol, induced an akinetic state. Intraventricular glucose failed to 
telieve hypoglycaemic coma. 

The significance of some of these findings is discussed in relation to the hypothalamic 
regulation of hunger. 


INTRODUCTION 


In the past few years lesion studies and electrical stimulation of the diencephalon 
have focussed attention on several hypothalamic areas concerned in the arousal and 
satiation of physiological drives. Another line of investigation has been suggested 
by the technique developed by Feldberg and Sherwood (1954a) who studied the 
effects of drugs injected via a cannula permanently implanted in the lateral ventricle 
of the unanaesthetized cat. It was found, for example, that intraventricular 
barbituratds caused voracious over-eating (Feldberg, 1957), probably by inhibiting 
the hypothalamic ventromedial nucleus. In another study, Andersson (1953) 
induced drinking in goats by administering acute intraventricular injections of 
hypertonic saline which presumably stimulated hypothalamic osmoreceptors. 
Evidence’ will be presented that several other substances injected by this route 
act primarily ors ће hypothalamus, and the present experiments, using a similar 
technique, were designed to investigate the biochemical regulation of hunger, 
satiation, thirst, salt-hunger and certain aspects of general drive level. 

Rats have several advantages over cats for behavioural studies, being freely 
available and more readily trained, and their behavioural characteristics are better 
known. A simple technique permitting repeated intraventricular injection of the 
rat will be described in detail. 


METHOD 


The intraventricular cannulas were prepared from size 21 s.w.g. stainless steel hypo- 
dermic needles ground down to a length of 8:0 mm., including 1-0 mm. terminal bevel. 
They were mounted in 3:0 mm. diameter perspex disks punched out of 1 mm. sheets, 50 
that the cannula point extended 4:0 mm. below the disk. A size 9 rustless sewing-needle 
clamped into the electrode holder served as a trocar for mounting the cannula on a Krieg 
stereotaxic instrument. " 

. The implantation which was performed under ether anaesthesia and antibiotic cover, 
involved making a 1:5 cm. left parasagittal scalp incision and drilling a small burr-hole 
through the exposed skull at a point 1:5 mm. posterior and 2:7 mm. to the right of bregma. 
The sewing-needle holding the cannula on its upper length was lowered through the 


* Leverhulme Mental Health Research Fund Fellow. 
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burr-hole for a di$tance of 2 to 3 mm., and the cannula was then gently pushed down 
the length of the needle until the perspex mount was in contact with the skull. The 
perspex and surrounding skull surfacé,were then allowed to dry and covered with dental 
cement. Three 16BA cheese-head bolts wére screwed into the skull to provide additional 
purchase for the dental cement. When the cement had hardened the trocar was with- 
drawn and the scalp incision sutured, the cannula protruding through an appropriately 
placed stab-wound. 

A 2-week period was allowed for recovery before administering the first intraventricular 
injettions, which were given witlra Wellcome “Agla” microsyringe coupled to a synchronous 
electric motor turning at 0-5 revolutions per minute. This gave an injection rate of 
0:005 ml./min., which could be maintained for long periods without gieing rise to signs 
of increased intracranial pressure. In practice, a standard injection of o:2 ml./kgm. body 
weight was always given, except where otherwise stated. oon 

The syringe was connected to the unrestrained rat by a 2 ft. length of sterilised pylon 
tubing, the end of which had been drawn and tapered over low heat sq as.to fit snugly 
and reach down the whole length of the cannula lumen. When inserting the end of the 
tubing into the bore of the cannula care was necessary to prevent the sterile tip from 
coming into contact with the animal's scalp. This was best accomplished by Joosely 
supporting the rat without forcible restraint on the floor of the cage with one hand and 
inserting the tubing with the other. After a few days of handing, the rats were almost 
always sufficiently docile to allow this procedure to be completed in a matter of seconds. 
Occasionally some animals were distracted by the inserted tubing dangling above their 
heads, but this difficulty was readily overcome by leaving a coiled length of discarded 
tubing in the cage overnight. The animals habituated in this way did not interfere 
later with the injection tubing proper. . 

Between injections, the cannulas were sealed off with tapered plastic bungs moistened 
with antiseptic. These were prepared from size ooo nylon rod cut to an appropriate 
length so that when inserted they reached down the full length of the cannufa, thus 
maintaining a patent lumen. They were made to project 2 or 3 mm. above the upper 
end of the cannula and could be readily extracted with the aid of artery forceps. 

To determine whether the cannula had been correctly positioned, the satiated rat 
was injected with up to o-or ml. of 2 per cent. (w/v) NaClin water. If the cannula tip 
was lodged within the ventricular system, the injected hypertonic saljne had access to 
the hypothalamic osmoreceptors, and the animal responded by drinking water within 
2 min. of the commencement of the injection. The validity of this behavioural test 
(suggested to me by Prof. J. A. Deutsch) was confirmed several times at autopsy Фу 
injecting a dye through the cannula, and any animal that had failed to respond was 
routinely excluded from further experiment. The rejection rate on this basis was less 
than one animal in five. > 


e 
EXPERIMENT I. SATIATION OF HUNGER DRIVE 


It is now well established that lesions of the hypothalamic ventromedial nucleus 
lead to hyperphagia, while lateral lesions cause aphagia. Electrical stimulation of 
these areas yields the converse results, but the factors that normally activate these 
centres to regulate food intake in accordance with nutritional requirements, remain 
controversial. 

Among the several theories now current is the glucostatic hypothesis of Mayer 
(1955). According to Mayer, the ventromedial nucleus contains receptors sensitive 
to circulating glucose, which, in the presence of adequate insulin, causes the centre 
to suppress further intake. Evidence of such receptors has been reported by 
Marshall, Barrett and Mayer (1055) who found that intravenous injections of 
gold-thioglucose in mice led to hyperphagia and to lesions that always involved the 
ventromedial nucleus. Because of the rapid removal of injected glucose from the 
blood-stream, direct experimental tests of the glucostatic hypothesis have yielded 
conflicting results (Bernstein and Grossman, 1956). However, hunger-reducing 
effects of intraventricular glupose have been described in a preliminary report 

erberg, 1960). It was found that isotonic glucose, with or without added, insulin, 
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depressed food intake during test-meals by approximately 35 per cent. (P < 0-007), 
while Locke's.solution and isotonic fructose were without effect. 

Recent work has suggested that glucagon, 'the hyperglycaemic glycogenolytic 
secretion of the pancreatic o-cells, may be an important complementary agent. 
It has been found that intravenous injections of this hormone in man effectively 
depress gastric hunger contractions and subjective hunger sensations (Schulman, 
Carleton, Whitney and Whitehorn, 1957), independently of any subsequent rise in 
blodd sugar levels (Stunkard, Van Itallie and Reis, 1955). 

Stunkard et gl. (1955) have suggested that these effects are mediated by the 
ventromedial nucleus, and that glucagon either acts on the glucoreceptors directly, 
or incyedses the receptor utilization of circulating glucose. The following experiinent 
was designed to test these suggestions. 


PROCEDURE 


Five male hooded rats weighing between 225 and 323 gm. were to be given ro intra- 
ventricular injections each, ordered according to a counterbalanced Latin-square design 
so that each animal woulc\ serve as its own control. To avoid feeding disturbances from 
gastro-intestinal upsets or injection trauma, no antibiotics were given, and during the 
second half of the series two animals developed intracranial infections and had to be killed. 
Only the first five readings were obtained from these two animals. 

One of five different sterile solutions was administered at each injection, with an 
intervalof atleast 48 hr. between injections. The solutions so tested were: (a) A control 
injection of Locke's solution B.P.C., which contains roo mgm. glucose/roo ml. (b) Locke's 
solution containing 5:0 pgm. crystalline glucagon/10oo ml., which yielded doses of o*or pgm. 
glucagoh/kgm. body weight. (c) Locke's solution containing 250 mgm. glucose/roo ml. 
(d) Glucose-free Locke's solution containing 500 pgm. glucagon/roo ml., yielding t-o pgm. 
glucagon/kgm. body weight. (e) Locke's solution containing 500 pgm. glucagon/100 ml., 
yielding ro pgm. glucagon/kgm. body weight. 

Each injection of о:02 ml./kgm. lasted between 7 and 13 min. according to the weight 
of the rat, and commenced at the beginning of a } hr. test-meal, when the animal had been 
starved for то hr. At the end of the test-meal the food remaining in the cage was weighed 
to the nearest 0-25 gm., and the rat was allowed to eat for a further 44 hr, Water was 
fretly available throughout. 


RESULTS 

None ‘of the glucagon solutions, with or without roo mgm. glucose/roo ml., 
caused any significant fall in intake (see Table I). In the case of the two concen- 
trated glucagon solutions, (d) and (e), there was a trend in the expected direction, 
but this may have been due to systemic absorption. Solution (c), containing 250 mgm. 
glucose/roo ml., depressed intake by approximately 8 per cent. (p < 0:02 using а 
one-tailed ¢ test). 

DISCUSSION 
The satiating effect of glucose was again apparent, but it is by no means clearly 


the sufficient or only factor responsible for activating the ventromedial nucleus. k 


Although the local concentration of glucose following injection (c) must have 


exceeded the upper limits normally found in post-prandial hyperglycaemia, the - 


reduction in intake was only of the orderof8 percent. Furthermore, the admixture 
of 05 u. soluble insulin per gm. glucose has failed to enhance the anorexigenic action 
of intraventricular glucose (Herberg, 1960), and these facts emphasize the nee 
for postulating some other synergist, such as glucagon. 


The activity of the glucagon supplied had been assayed as causing a rise in blood | 


sugar of 30 to 40 mgm./roo ml. within то to 15 min. after an intravenous injection 
of 007 to o1 ugm.[kgm. The intraventricular doses in the present experiment 
were considerably smaller than the systemic doses of Stunkard el al. and Schulman 
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? ТАВІЕ І 
Grams or Боор Eaten DURING Àj HR, TEST-MEALS 
: 


(a) | (b) (с) | (4) | (e) 
mu | Glucose-free 
| | Glucagon Glucose glucagon Glucagon 
Locke's 5 pgh.] 250 mgm./ 500 ugm./ 500 ugm.| e 
Rat solution тоо ml. 100 mil. 100 ml. 100 mil. 
e 
I 4°50 (1) 5°25 (5) 4:00 (4) 4oo(3 | 450 (2) 
«i 5°75 (10) 5700 (б) 4:50 (7) 425 (8) e| 575 tet 
2 5°75 (2) 5:50 (1) 525 (5) 450 (4) 5:25*(3 
| us zat EL at Pent Ghia aes 
3 7:00 (4) 6:75 (3) 7:25 (2) 7:00 (1) 7:00 (5) 
4 5:50 (5) 7:00 (4) 5:50 (3) 55o(2 : | .575( 
5:00 (6) 4°50 (7) 4°75 (8) 5:79 (9) | 475 (10) 
5 6-00 (3) 5°50 (2) 5:50 (1) боф (5) 6-00 (4) 
5°75 (8) 5°75 (9) 5:00 (10) 6:00 (6) 5:50 (7) 
Mean 57 57 5:2 54 5:6 


Figures in parentheses indicate the order of injection 


et-al., which ranged from 14 to approximately 30 ugm./kgm., but solutions (d) and 
(e) were calculated to produce local concentrations of glucagon, at the hypothesised 
site of action, at least equal to the general levels following the systemic administrations. 
The failure to observe any significant intake reduction following intraventricular 
glucagon raises the question whether the glucagon in fact had access to the postulated 
glucoreceptors. Although the cerebrospinal fluid may be regarded for practical 
purposes as being largely "co-extensive with the interstitial fluid of the C.N.S.” 
(Tower, 1958), it is possible that the glucoreceptors are located on the blood side 
of the blood-brain barrier which is relatively permeable to glucose but impermeable 
to larger molecules and many other compounds, including fructose (Tower, 1958). 
Such a disposal of the glucoreceptors has already been suggested to account for the 
ineffectiveness of intraventricular fructose as compared to glucose Herberg, 1960), 
but is contrary to the view of Mayer (1953, 1955), who regards the glucosensitive 
tissue as functionally forming part of the C.N.S. proper. AUi 
An alternative interpretation of the present finding is that the anorexigenic 
action of glucagon is exerted on the hypothalamus indirectly. The intermediary 
could be some further metabolite or hormone liberated by glucagon from the liver. 


EXPERIMENT 2. ACTIVATION OF HUNGER DRIVE 


According to the lipostatic hypothesis of Kennedy (1953), the ventromedial 
nucleus is activated by some intermediary product of fat metabolism. This hypo- 
thesis would ensure satiation contingent not only on ingested food but on the 
organism’s current body weight, and Mayer invokes Kennedy’s mechanism as a 
cómplement to his glucostatic hypothesis so as to account for the long-term regulation 
of intake. However, the fatty metabolite concerned has not yet been identified. 

Long-term regulation might also be achieved by fatty metabolites present and 
active not during satiety, but during starvation when body fat is being mobilised 
as fuel. The metabolites would then activate the lateral hypothalamus, causing 
hunger. The non-esterified fatty acids are promising candidates: their bloed level 
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has been shown to fall after a mixed meal and to rise during starvation (Dole, 1956; 
Gordon and .Cherkes, 1956). 

In this connection, Seifter and Baeder (1956) have isolated from plasma a lipid 
mobilizing agent which appears in the blood during depletion of the body's carbo- 
hydrate stores, or in response to the administration of cortisone. This substance 
was incidentally found to cause a threefold increase in food intake when’ injected 
into rats in single weekly doses, and a series of intraventricular injections were 
noi given to determine whether this effect was mediated by the lateral hypo- 
thalamus. , 

Such duplex control of the ventromedial nucleus and the lateral hypothalamic 
feédind centres, hy two mutually independent blood constituents has пої “been 
previously considered, but it could theoretically account for the complex feeding 
pattern induced by ventromedial lesions (Teitelbaum and Campbell, 1958) and for 
the several refractory observations (Hervey, 1959; Stunkard, 1957) not readily 
interpretable in terms of'any single current theory. 

It was found, howeyer, that the mean daily intake of two animals showed no 
consistent change after’ intraventricular injections containing 15:0 or I50:0 pgm. 
Lipid Mobilizer in isotonic saline. The intraventricular doses given were respectively 
r[roth and r/rooth of the effective lipaemia-inducing intravenous dose, and are 


subject to the same considerations discussed in relation to the glucagon adminis- » 


trations. 

The above finding does not exclude the possibility that the lateral hypothalamus 
is sensitive not to Lipid Mobiliser, but to the fatty acids mobilised in response to 
its secretion. Because of the physical properties of the fatty acids, the intra- 
ventricular technique is unsuitable for testing this suggestion. 


EXPERIMENT 3. THIRST DRIVE 
It has alreddy been mentioned that drinking in response to intraventricular 
2 per cent. saline in the rat was so dependable that it afforded a simple behavioural 
test of the correct positioning of the cannula tip. Andersson and Wyrwicka (1957) 
have shown that the thirst elicited by hypothalamic stimulation in goats has the 


properties of a genuine primary drive since complex intrumental responses can be 
conditioned to it. 


The conversé effect was also confirmed: thirsty rats given intraventricular hypo- * 


tonic injections (0:02 ml. of 0-75 per cent. NaCl) drank less during a 15 min. test 
than after isotonic injections. However, this phenomenon did not necessarily 
involve the normal thirst-quenching mechanisms. Animals usually stop drinking 
long before any significant dilution of the blood could have taken place, and any 
internal signals that contribute to the quenching of thirst must thus arise from the 
oropharynx or stomach. According to theoretical behaviour systems based on 
stimulus tropisms (Deutsch, 1960), a reduction in the tonicity of the blood or C.S.F. 


would be thirst-reducing but not rewarding; unlike water by mouth, it could not" 


provide the incentive for performing an instrumental response. This prediction 
1s contrary to neo-behaviourist theory (e.g. Hull, 1952), which equates reward with 
need-reduction. 
EXPERIMENT 4. THE DRIVE FOR SALT 

Salt-deprived or adrenalectomized animals develop a salt-craving independently 
of trial-and-error learning (Epstein and Stellar, 1955). Thus although the nature 
of the specific appetites is generally obscure, the appetite at least for salt seems to 
be a primary physiological drive, and it has been suggested that the hypothalamus 
in some way meters the NaCl of the blood (Andersson and McCann, 1955). 
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То investigaté this possibility, six cannulated rats were allowed continuous access 
to two graduated drinking-tubes, one delivering water and the other a mildly aversive 
2-2:5 per cent. (w/v) hypertonic salihe solution. Each rat was then given one or 
more intraventricular injections of 0-0-45 per cent. (w/v) hypotonic NaCl, but no 
increase in saline intake, immediate or delayed over 24 hr., was found after any 
of the hypotonic injections. One animal also rejected crystalline salt placed in 
its cage. ы 

This negative finding is in line with many unsuccessful attempts to relate natriureSis 
to variations in serum electrolytes per se (Smith, 1957). From the point of view of 
biological economy it is probable that salt-hunger and anti-natriuresis have a common 
physiélogical basis, and the present results support the current viey that the bedy's 
sodium requirements are monitored indirectly, on the basis of the volume оё the 
intravascular fluid compartment. е^ 


EXPERIMENT 5. GENERAL DRIVE LEVEL 
Feldberg and Sherwood (1954) described a “catatonic state" following the fntra- 
ventricular administration of acetylcholine, eserine or Dii] opylfluorophosphonate 
(DFP). The injected cats, though capable of co-ordinated movement (as when 
pushed off a low table), could be manipulated into a variety of bizarre postures 
and showed a passive waxy flexibility for long periods. Figure 1 illustrates what 
appears to be a similar condition in the rat following intraventricular injection of 
0:04 ml. ro per cent. procaine hydrochloride. The prodromal signs resembled 
those vividly described by Feldberg and Sherwood in the cat; vigorous scratching 
and grooming were again prominent though lacrimation and tremor were not seen. 
Procaine is structurally related to the eserine-like anticholinesterases, being a 
substituted tertiary amine. That the catatonia is not ascribable to a non-specific 
blocking action by the drugs concerned, is suggested by the absence of similar effects 
following intraventricular alcohol. In three rats, injections of 4 to ro per cent. (v/v) 
ethyl alcohol in Locke's solution were without obvious behavioural effect. ® 
The site of action of the intraventricular anticholinesterases can perhaps be 
narrowed down to the hypothalamus or the periventricular parts of the limbic system. 
Experimental lesions of the periaqueductal central grey of the midbrain lead to 
mutism but not akinesia (Adametz and O'Leary, 1959). Further evidenc? against 
a mesencephalic site of action is the inefficacy of intraventricular glucose in hypo- 
| glycaemia. After insulin coma had been induced in four rats according to the 
| procedure of Doyle and Olsen (1957), it was found that intraventricuar glucose failed 
to resuscitate the rats unless given in very high concentrations (e.g. 50 per cent. w/v), 
and then only after a delay of approximately 20 min., during which interval much 
of the injected glucose must have entered the blood-stream. Insulin coma is due 
to the effects of hypoglycaemia on the brainstem reticular formation; the ineffective- 
néss of intraventricular glucose suggests that the anatomical separation of the 
*s reticular formation from the aqueduct and fourth ventricle is too great for prompt 
diffusion of injected substances from the C.S.F. Ladys 
= The catatonia described by Feldberg and Sherwood is reminiscent of the akinetic 
mutism sometimes associated with hypothalamic tumours of the third ventricle 
(Cairns, Oldfield, Pennybacker and Whitteridge, 1941), and it is tempting to regard 
at least some instances of catatonia as the picture of an organism lacking its 
hypothalamic drives. 
I wish to thank Prof. R. C. Oldfield for laboratory facilities, and the Medical Research 
Council for providing funds for a stereotaxic instrument. Dr. O. K. Behrens, Lilly Re- 


search Laboratories, Indianapolis kindly supplied the glucagon used in Experiment 1, 
and Dr. J. Seifter, Wyeth Institute for Medical Research, Philadelphia, the Lipid 
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Mobilizer used in Experiment 2. This work was done during tenure of the Kenneth , 


Craik Research Award of St. John's College, Cambridge. 
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AN INVESTIGATION ‘OF REVERSAL LEARNING IN 
OCTOPUS VULGARIS LAMARCK 


BY 


é „ J. MACKINTOSH 
From the Institute of Experimental Psychology, University of Oxford 
LJ 


Eighteen octopuses were trained by a method of successive discrimination training 
to digcriminate between a vertical and a horizontal rectangle. They were thentover* 
trained for either 20 or 60 trials, after which they learnt the reverse discriminatfone At 
the beginning of each reversal they were given 20 trials pretraining ‘on she«new positive 
stimulus. The subjects completed from two to nine reversals. 

It was found that the amount of overtraining had no effect on the rate of learning 
the subsequent reversal. The first four reversals all took significantly longer ta learn 
than the original problem, but did not differ significantly ітопу опе another. However, 
examination of the raw data suggests that later reversals do t¢ke longer to learn. The 
performance when learnt (i.e. on the first day of overtraining) was as good after reversal 
learning as after the learning of the original problem. 

The results do not show definite signs that could be interpreted as an exhaustion of 
a limited supply of neurones available for learning. 


INTRODUCTION 


Investigations of discrimination reversal learning have been concerned with two 
aspects of the problem; the effects of repeated reversal, and the effects of over- 
training on the original discrimination on the learning of a subsequent reversal. 
The present experiment on Octopus vulgaris Lamarck was concerned with both 
these aspects. : 

It has been found that mammals show an improvement in the learning of successive 
reversals (monkeys—Harlow, 1949; rats—North, 1959; Dufort, Guttman and Kimble, 
1954; Pubols, 1957; cats—Cronholm, Warren and Hara, r960), while animals of 
other phyla show no such improvement or even a deterioration (pigeons—Reid, 1958; 
fish—Bitterman, Wodinsky and Candland, 1958; Warren, 1960; ап isopod-- Thomp- 
son, 1957; and a crab—Datta, Milstein and Bitterman, 1960). : 4 

In the octopus Young (1956) showed that a single reversal was possible and this 
was confirmed by Wells and Wells (1957) and Boycott and Young (1958). In addi- 
tion, Young (1962) investigated repeated reversal; the animals were given 20 trials 
a day on a black and white discrimination and reversed every day for eight reversals. 
He found that with successive reversals the number of errors to trials increased. 
This was due largely to a decrease in the total number of attacks; the attacks that 
were made were mostly on the positive figure, so that, judged by the number of 
correct out of total attacks, the performance improved during each day, and perhaps 
became better on successive days. ids 

To explain his findings Young suggested that learning occurs by the conditioning 
of new cells. During repeated reversals approximately equal number of cells are 
conditioned to promote or prevent attack on each of the two figures. This accounts 
for the fall in the number of attacks. Learning occurs during the course of the day 
by an increase in the number of cells conditioned to promote attack on the positive 
figure. 

He also found that performance was more accurate when the figure originally 
Positive (black) was again posifive, and suggested that this could be explained by 
a previous theory (Young, 1961), that the supply of cells available for conditioning 
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may become exhausted; all the cells responsible for encoding “black” may have been 
conditioned to produce attack during the initia] learning. 

An alternative explanation of the tendency to stop attacking is that as the 
octopuses in Young’s experiment were never trained to a learning criterion, they made 
a large number of errors in the early reversals and received too many shocks. There- 
fore, in the present experiment, although punishment was used, precautions were 
taken to minimize the number of shocks given. A simple visual discrimination was 
used—a horizontal versus a vertical rectangle (Sutherland, 1957, has shown this to 
be easy for the octopus); training was continued until a learning criterion was 
reached; the animals were pretrained to attack the new positive shape for 2 days 
'béfopé'each reversal, and a 5-volt shock (in place of the 11-volt shock used by Young) 
was» given. 

Training to a criterion before reversal was of further interest because, if the 
learning mechanism operates in the way Young suggests, it would be expected 
that the more thorough the learning the more rapidly would the supply of cells avail- 
able for learning be ujed up. 

An additional purpose of the present investigation was to see whether over- 
training has an effect on octopus. It has been found that the rat shows improved 
learning of the rev rsal after overtraining (Reid, 1953; Pubols, 1956; Capaldi and 
Stevenson, 1957), \ Пе birds (Warren, Brookshire, Ball and Reynolds, тобо) and 
fish (Warren, 1960) are hindered by overtraining. Consequently, before each 
reversal, half the animals were overtrained by 20 trials and half by 60. 


PROCEDURE 
Experimental design 


The subjects were divided into two major groups receiving different amounts of 
overtraining on each reversal problem. Within each group one half of the subjects were 
first trained on*the vertical rectangle (the preferred shape) as positive, the other on the 
horizontal rectangle as positive, so that there were four groups as follows:— 


. Group A: 60 trials overtraining, vertical positive, horizontal negative in original 
training. 

Group B: бо trials overtraining, horizontal positive, vertical negative in original 
" training. 

Group C: 20 trials overtraining, vertical positive, horizontal negative in original 
training. 

Group D: 20 trials overtraining, horizontal positive, vertical negative in original 
training. 

There were 20 trials а day and the criterion used was 80 per cent. correct responses 
on any one day’s trials. 


Subjects 


The subjects were 18 Octopus vulgaris Lamarck obtained from the Bay of Naples. 
They weighed from 150 to 500 gm. They were kept in individual tanks filled with 
continuously circulating sea-water. А+ опе end of the tank was a brick “home” in which 
the animal sat. à 


Acclimatization 


The subjects were left alone in their tanks for two or three days after being caught. 
Then pieces of sardine on a prong were offered то times a day at the end of the tank away 
from the “home” until they were taken regularly within 5 sec. 


Pretraining 


| The positive shape was then presented ro times а day. If subjects failed to attack 
it within 20 sec., a piece of sardine was shown and they were allowed to attack both 


together. Pretraining was continued until the shaps was attacked within 20,sec. at 
each presentation. 
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Training 

The subjects were then trained on k successive discrimination between vertical and 
horizontal rectangles of то x 2 cm, sde length. There were 20 trials a day in two 
blocks of ten. (For further details of training octopus see Sutherland, 1957.) 

After the training criterion of 80 per cent. correct responses on any one day's trials 


"had been reached, reversal was begun. The subjects were first pretrained on the new 


positive shape (i.e. the previous negative) for 2 days. There were ro trials à day at each 
of which the shape was presented alone for 20 sec. and, if not attacked within this time, 
with a piece of sardine until tlfe subjects attacked both together. It should be noted 
that no criterion of 10 out of 10 attacks on the shape alone on any one day’s trials—as 
was used in the original pretraining—was used in the reversal pretrafhing. After the 
20 pretraining trials reversal training was started and continued until the previous hatin 
criterfon of 80 per cent. correct responses was reached. e 


. 
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RESULTS G 
The data presented are calculated from the number of attacks required to learn 


a discrimination and not the number of trials. The number of trials shows the 
e 
TABLE I ' 
Тнк NUMBER oF ATTACKS NEEDED TO REACH CRITERION BY INDIVIDUAL 
SUBJECTS FOR SUCCESSIVE REVERSAL PROBLEMS 


ja DS 2A NPS NO MD M tile SI 
Group Ro | Rr | Re | R3 | R4 | R5 | R6 | Һу | R8 | Rọ | Rro 
A 25 | 26 | 43 | 46 | 36 | — — 
(Vertical ааа еса на fir eat)! E ae aee qr 
positive in Ro. 27. | АХЫ д ОВ тоз КЛАН NR ПШ 
60 trials 14 64 33 cp МЕ S ed МЕЕ» e = | + Eq 
overtraining) 14 37 41 EE cs — gis) ee T ix Г 
в 
(Horizontal 20 15 20 29 27 | — — =s = m LI 
positive in Ro. 30 33 30 89 a 
60 trials 46 43 2I 60 42 E saat cu co eui. Kris 
overtraining) 21 26 23x86. 62, esce Б [sion (Sr) TERN 
С то |до Б! |52 25005501738 1 1593480] os aen 
(Vertical 13 | 17 | 15 | 23 | 30 | 49 | 46 | 48 | 59 | SH | 43 
positive in Ro. 13 53:4] 726: |--32/:| 1247]. 200/557] 132 р T es 
20 trials xo. | GS ial 11704 Па а-аа 
overtraining) 13..| "380030 ll бош OAS ЗО ЕА | 
D 
(Horizontal 47 19:533. |e ly lp а ИЕ (eae 
positive in Ro. 21 атаа ee ар ае 
20 trials 29 45 59 an Eee — — — = 54. 
overtraining) 30 41 74 47 43 Ls = — fu мал = 
Averages Ro | Rr | Re | R3 | R4 | R5 | R6 | R7 | R8 | Ro | Кто 
A Ar nen Ee meer Tele а M sie Deere pari Л 
F B 29 | 29 | 23 | 58 | 43 E m 
c 14 | 43 | 34 | 46 | 39 | 58° | 46 | 77 | 51 | 91 | 43 
D 32» adi agen ciae #88 oem Asse med раа ана 
unc RY hd; it REUS 
A and B De eagle pss ems Er г] 
Cand D 2341s а AES e CY т cL el.) |. prety al 
PETERE y А ЛБ t DIT. | Ж Е ey 
A,B, Cand D. {501 | 38 | 49^| 49° Wee pom | — | mi pnm 


(Note; Ro is original training; ’ indicates experiment stopped before criterion reached.) 
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same trend as the number of attacks but is larger absolutely and in some cases rela- 
tively as well. The number of attacks is a fairer measure of the speed of learning 
in a successive discrimination situation,>sin¢e an animal which stops attacking 
completely will not have an opportunity to learn (v. Sutherland, 1960 (p. 11), for 
further discussion of this point). 

Table I shows the number of attacks taken by individual subjects to reach the 
criterion on successive reversal problems. (Ro is the original training). Subjects 
completed from two to nine reversals. 


The effect of overtraining 

i Groups which had received. different amounts of overtraining were compared 
by tests. Tests were not performed where differences in rates of learning were 
obviously not significant. Only in one case was a significant difference found; 
in R2, Group B, overtrained by 60 trials, reverse more quickly than Group D, over- 
trained by 20 trials (1 = 3, d.f. = 3, p <0:05). However, since there is no sig- 
nificant difference between the A and C groups for the same reversal, and since no 
group was consistently faster or slower than the others throughout, it appears that 
the one significant difference obtained was due to factors other than overtraining, 
and that overtraining does not affect the speed of reversal. 


Successive reversals 


Tables II and III compare various quantities for successive reversal problems; 
t-tests were only performed where some data for subjects from all four groups were 
available (data for unfinished animals were included in the comparisons of R4 since 
three of these unfinished animals took more attacks to learn R4 than R2—two 
taking considerably more). 


E 


TABLE II 
PERFORMANCE ON THE FIRST DAY OF OVERTRAINING 
——————— 
Reversal Number of subjects Per cent. correct responses 
Ro 18 85:0 
КІ 18 83:9 
R2 15 8ro 
R3 II 87:7 
R4 5 84:0 
R5 3 80:0 
R6 3 86:7 
R7 2 92:5 
R8 I 900 
R9 I 80:0 


(t-tests comparing Ro with Rx to R4 gave values of 7 which were not significant.) 


When comparing the learning of successive reversals it is important to compare 
alternate rather than adjacent reversals with each other, since the preferred shape 
was successively the positive then the negative figure. It was found that, although 
animals took longer to learn R1 than Ro (t = 3:4, d.f. = 17, p <o-or), they did not 
take significantly longer to learn subsequent reversals up to R4 than they did to 
learn Rr. Also R4 did not require more attacks to learn than R2 (its proper com- 
parison problem). Examination of the raw data, however, does suggest there 15 
a tendency for learning to take longer; 10 subjects take longer to learn R3 than RI 


REVERSAL LEARNING IN OCTOPUS 4 IO. 


s TABLE III 


THE PERFORMANCE ON THE LAST DAY OF PRETRAINING AND THE FIRST 
DAY OF REVERSAL TRAINING 


(a) Скоор° AVERAGES 


л 


e Number of attacks Number of attacks on first day of 
on last day of reversal training 
d Number of pretraining 
Reversal subjects (out of ro) Total Positive Negative " 
*1 
Ro 18 10:00 I3:7 9:2 45 
Rr 18 5:64 11:6 5:6 ба, · 
R2 18 8:28 I3'I 508 72 
R3 15 7:00 17:8 5:9« 5:9 " 
R4 12 6:83 10:8 52 *|* 56 
R5 4 9:50 1755 9:0 8-5 
R6 3 9:00 15:0 8-3 6:7 
R7 3 7:00 16:0 8-0 8-0° 
R8 2 9:00 16:5 8-0 8:5 
Ro I 10:00 15:0 * 6:0 g'o 
Rio I 9:00 16:0 8:0 8-0 
Bet ovn ТВ re M M 
(b) i-TEsTS OF SIGNIFICANCE д 
EMEN No us а ыы ees 
Number of 5 
Comparison groups subjects t d.f. p 
(i) Ro and Rr 18 6-7 17 «0-001 
Ro and R2 18 3:9 17 «oor 
Ro and R3 16 49 15 <o-oor 
Ro and R4 12 35 тї e 0-01 
Манна 
(ii) Ro and Rr 18 2: 17 NS 
Ro and R2 18 02 17 NS 
Ro and R3 I5 07 PIU NS 
Ro and R4 I2 0:7 II To 
(ш). Ro and Rr 18 51 17 р <0-001 
Ro and R2 18 34 17 <о'от 
Ro and R3 15 2:0 14 NS 
Ro and R4 12 3:8 II <о:оІ 
(iv) Ro and Rx 18 IU ET NS 
Ro and R2 18 r6 17 NS 
Ro and R3 15 r8 14 NS 
Ro and R4 12 2:0 IF NS 
UR NUMERO ане ааа a 
23 (i) Attacks on positive on last day of pretraining. 
(ii) Attacks on positive and negative on first day of reversal. 


) 

) 
a (iii) Attacks on positive on first day of reversal. 
(iv) Attacks on negative on first day of reversal. 


and only four are quicker, and similarly eight take longer to learn R4 than R2 and 
only three are quicker. Also, if the earlier and later reversals for the two animals 
In Group C who completed eight or more reversals are compared, it can be seen that 
later reversals take longer (for animal C2, R2 and R4 take a total of 45 attacks 
While R6 and R8 take 105; R3 and R5 take 72 attacks and R7 and R9 take 99; 
for animal Cr, R2 and R4 take 30 attacks to learn and R6 and R8 take 86). „ 
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Once the problem has been learned the performance (i.e. on the first. day of over- , 
learning) is just as good following the reversal learning as the original learning 
(see Table П). ' 
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Graphs showing the percentage of correct out of total attacks on each day until the 
criterion was reached for reversals Ro to R4 for all animals combined. 
(Data for the graphs were obtained by separately adding the numbers of correct and total 
attacks for every animal on successive days of training. Where some animals completed 
their training before others they were included on the assumption that they would continue 
to score at the 80 per cent. correct level.) 


An examination of the learning curves shown in Figure 1 shows that one of the 
reasons why reversals R1 to R4 take longer to learn than Ro is because the curve 
begin at a lower point. Table III makes clear that this is because the positive shape 
is attacked less on the first day of the reversals than on the first day of the original 
training. An increase in the number of attacks on the negative partly compensates 
for this but the increases are not significantly greater than the number on the 
day of original training. The decrease in attacks on the positive on the first day 
of learning is clearly correlated with the decrease in the number of attacks on the 
last day of reversal pretraining. In view of this it seems probable that had the sub- 
jects been reversal pretrained to a criterion of 10 out of 1o attacks on the positive 
during one day's pretraining the learning curves would all have begun at the same 
point. It is necessary to stress the importance of the number of attacks because, 
in a successive discrimination, failure to react to the stimuli leads to loss of the 
opportunity to learn the significance of the stimuli. 
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Further examination of the learning curves reveals that there is little difference 
between Ro and the others in the slope of the first part, from day т to day 2. How- 
ever, when a comparison is made between parts of the curves from one level of learning 
to another—e.g. from 70 to 80 per cent. correct—the Ro curve is steeper than any 
of the others. 

Attentlon has already been drawn to the fact that alternate reversals are more 
properly comparable with one another than adjacent reversals due to the facilitation 

‚ ef learning when the preferred ‘shape is positive. When individual animals results 
are consulted, a "'see-saw"' effect in learning the odd and even-numbered reversals 
is more apparent in some cases than in others. Group C animals show the greatest 
“see-stw” effect; animals Cr, C2, C3 and C5 all learn the even-numbered reversals + 
more quickly than the odd-numbered reversals. Some effect can also be seem in 
Group A, e.g. in animals A2 and Аз. In the other two groups, B and D, the effect 
is far less consistent. While animal D4 learns reversals with the preferred shape 
positive more quickly than the other reversals, animal Bq learns the non-prefgrred 

' shape positive reversals more quickly. 

| It was not possible to keep a complete record of behaviour changes throughout 

the experiment but some observations were made on changes in the attacking be- 
haviour. These changes all suggested caution: animals sometimes darted back 
after touching the shape or touched it several seconds after approaching it; often 
the transparent rod to which the shape was attached, rather than the shape itself, 
was attacked. Cautious behaviour is shown also in difficult discriminations. In 
- ten of the subjects a peculiar "conflict" posture was seen. The animals left Шефоте 
and swam out until they were half-way between the home and the shape. Then 
the body became very pale and elongated and the skin developed warty papillae. 

‚ The arms took on a crumpled appearance owing to the twisting in opposite directions 
of adjacent sucker-bearing portions of their ventral surfaces. The whole body had 

. a curious rigidity and there was a gentle swaying movement to and away, from the 

shape. Sometimes this posture was abandoned and the shape taken and sometimes 

it was maintained for several seconds after the removal of the shape. , This “conflict 
posture" has not been recorded before though this does not mean it does not appear 

in other situations. o 

DISCUSSION t 

« The effects of overtraining 

1 The negative finding that overtraining does not significantly affect reversal 

learning suggests, though does not establish, that the octopus is unique among the 
animals so far investigated. Although the number of overtraining trials given was 
not absolutely very large (20 or 60) it was relatively large compared with the 
number of trials required to learn (20 or 40); if overtraining has any effects they 
Should have been apparent. 


“Successive reversals ; А 

The failure to find improvement in the learning of successive reversals is in keeping 
with the general picture emerging from experiments with diverse taxonomic groups; 
only some mammals learn later reversals more rapidly than the original problem 
While the other animals investigated show no such improvement. 

Unfortunately the present results do not show conclusively whether or not 
reversals after the first deteriorate or remain at the same level, and the problem is 
complicated by the level of attack on the first day of reversal training not being the 
same. However, the balance of evidence suggests that successive reversals do 
become progressively, though not dramatically, more difficult to learn. М 
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The results do not show definite signs that could be interpreted as an exhaustion 
of a limited supply of neurones. However, the finding that performance during 
overtraining, once the discrimination hes béen learnt, does not deteriorate with 
progressive reversal is against rather than for a neurone-store theory, postulating 
that neurones are distributed to opposing response "blocks." Such a theory should 
surely predict a growing instability of performance as learning proceéds by the 
recruitment of an ever-diminishing store of neurones into two ever-increasing rival 
response factions. 


This work forms part of a project on "Stimulus Analysing Mechanisms’’: the project 

.is financed jointly by the American Office of Naval Research (Contract №62558-2453) 

and’the Nuffield Foundation. The experimental work was carried out at the Stazione 

Zoólogica, Naples during the tenure of the Naples Biological Scholarship awarded by 

Oxford University. I would like to thank the director and staff of the Stazione for the 

hospitality and facilities afforded me there, and Dr. N. S. Sutherland and Professor 
J. Z. Young for much advice and encouragement. 
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BINOCULAR RIVALRY:AND STEREOSCOPIC DEPTH 
PERCEPTION 
‹ ; BY 
, ANNE TREISMAN 
From the Institute of Experimental Psychology, University of Oxford 


An investigation was made of stimulus factors causing retinal rivalry or allowing 
stereoscopic depth perception, given a requisite positional disparity, It is shows tHat 
similar colour information can be “‘filtered” out from both eyes; that stereopsis is not 
incompatible with rivalry and suppression of one aspect of the stiniulus, and that the 
strongest cue for perception of stereoscopic depth is intensity difference at the boundaries 
of the figures in the same direction at each eye. Identity of colour can also act as a cue 
for stereopsis. The brightness of different monocular figures seen in the stereoscppe in 
different combinations was estimated by a matching technique, and it is suggested that 
the perceived. brightness is à compromise between the monocylar brightness difference 
between figure and ground seen in relation to the binocular fused background, and the 
mean brightness of the figures. The results are discussed in terms of neurophysiological 
“on,” “off” and continuóus response fibres. 


INTRODUCTION 

There has been relatively little investigation of binocular rivalry and suppression. 
Little is known of what aspects of the stimulus information are inhibited under 
different conditions, whether different areas are suppressed at random in rivalry, 
or the input from one eye as a whole, or whether any other form of “filtering” is 
possible. This contrasts with the considerable body of research on the aspects of 
auditory messages which can selectively evoke responses. Two recent papers have 
described a selective effect of interest or motivation on alternations fn rivalry: 
Engel: (1956) using inverted and upright photographs of faces and Bagby (1957) 
with typical culture-related scenes; these suggest selective contro] from other parts 
of the brain, and involved suppression of one eye as a whole. Bárány and Hallden 
(1948) have shown that suppression of one eye may take place relatively peripherally, 
finding that the pupillary reflex of the eye which is temporarily no? perceiving may 
be suppressed during rivalry. i Ў 

То describe this group of findings the term “retinal” rivalry is appropriate, but 
it would be interesting to consider whether this is the only non-random form of 
suppression. Certainly, if two different stimuli are presented to non-corresponding 
areas of the two retinae, they may be seen side by side; if the two whole fields are 
different, the resulting perception may be of a shifting, changing patchwork. What 
criteria determine whether the inputs from corresponding points of the two eyes 


agreed, since Breese’s classical findings (1909), that fields of widely different colours 
May rival, and that different contours on corresponding areas almost certainly 
will do so. | 
This paper will be concerned mainly with the following questions: can the brain 
select different signals of one colour presented to both eyes, while at the same time 
rejecting signals of another colour also presented to both eyes? In other words is 
tivalry always between retinae, or can it also occur between categories of stimulus 
information? Secondly, is one aspect of a single stimulus, such as its colour, some- 
times suppressed, while another aspect, such as the position of the figure, is retained? 
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One of the few reports to throw any light on this point is an interesting paper of 
Creed's(1935). He presented postage stamps of different colours and slightly different 
designs to each eye, and found that the design Öf one stamp was sometimes seen in 
the colour of the other. The method used in the present experiment was to see 
whether stereoscopic depth perception was retained when stimuli (with the requisite 
position disparity) were made sufficiently incompatible in another dimension to 
produce rivalry and suppression. For instance, if they were in complementary 
colours, so that only one colour was seen at a time, did this mean that all the informa- 
tion about the suppressed coloured figure was lost, or could its shape and position 
be retained to give rise to a stereoscopic impression? Similarly, different brightnesses 
of -thee figures provided potentially incompatible inputs, which again might be 
reconcilable with stereopsis. ; 

Arising from tliese experiments came the more specific question: what features 
of the stimulation of slightly disparate retinal points will give rise to the perception 
of a fused, three-dimensional figure? A considerable body of evidence has accumu- 
lated on the minimum and maximum fusional areas, on the horopter, and generally 
on the position information providing the basis for stereopsis (Ogle, 1950; Rønne, 
1956); but little is known about other aspects of the stimuli which provide the 
necessary conditions. Rønne, for example, in his recent review, says, “the coupling 
of disparate cells only takes place if the inputs are identical, in which case the percept 
is visualized in front (or behind) the horizon." It is the limits or modifications to 
this "identity" of the inputs which will be discussed in the present paper. 

The fact that it appears to be contours which cause most rivalry or suppression 
of competing areas on the two retinae may also give a clue to the type of com- 
patibility of signals necessary for stereopsis. Contours or boundaries of figures 
consist of step-changes in intensity in the visual field, and two possible neuro- 
physiological systems that may be partly responsible for signalling them are: (1) the 
firing of "on" and of "off" fibres, generated by eye movements making the dis- 
continuities in illumination cross different retinal cells. Ditchburn (1955) has shown 
that when eye movements are eliminated, contours rapidly fade and disappear. 
(2) Hubel and Wiesel (1959), recording from cells in the cat's striate cortex, found 
receptive fields composed of central areas giving either “оп” or “ой” responses and 
flanking areas with the opposite excitatory or inhibitory effects; they say ‘һе exact 
position of the Vertical border between light and darkness was very critical for à 
strong response." 

One possibility this suggests is that rivalry for shapes or patterns may be due 
to conflicting “оп” and “ой” signals from corresponding points of the two еуез. 
If this were so, one might predict that figure-ground boundaries consisting of step 
changes in intensity in the same direction from the background to the figure on each 
eye would be acceptable for “fusion” and give rise to an impression of stereoscopic 
depth, while those in opposite directions would not, even though they lay within the 


stereoscopic fusional areas. This again would be consistent with Hubel and Wiesel's - 


reports of cortical cells with receptive fields of the same shape in homologous areas 
of both eyes. These fields had the same excitatory and inhibitory characteristics 
in each retina, and showed the same principles of summation and antagonism which 
had been demonstrated for fields in the single eye. In the behavioural field, Fry 
and Bartley (1933) had earlier published some related findings, and came to the 
conclusion, as Bartley (1941) summarizes it, that “binocular rivalry between the 
processes in the two eyes set up by stimulation from A, occurs only when the one 
is above and the other below the brightness of the ground." One could take these 
findings as some support for the view that “fusion” depends on correlated firing from 
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the "on" and “Òf” fibres in the two eyes. It would be interesting to determine 
if this were also a condition of stereoscopic depth perception, and, if so, whether 
it is the only cue used, or whether figures of the same colour but with an opposite 
intensity difference from their background, or no intensity difference at all, will 
also give rise to an impression of depth. 

The use of systematically varied stimuli in the stereoscope could also throw 
more light on whether certain visual effects occur at the peripheral and monocular 
level or depend on the more Central binocular systems. For example, does sinful- 
taneous contrast of brightness and colour occur in relation to the monocular back- 
ground or to the perceived, "fused," binocular background? If it is the former, 
can induced contrast interfere with stereopsis and cause rivalry? An expétimént 
by Asher (1950) who found no difference in brightness contrast with stimuli projecting 
to the same and to opposite sides of the cerebral cortex from one eye} pfovides some 
evidence that phenomena of contrast do originate in the retina. Asher also found 
that monocular brightness judgements showed considerable independence; à dim 
light in one eye on a dark ground appeared bright by contrast, and retained this 
heightened brightness even when the background against «which it was perceived 
was a much more intensely illuminated field received by the other eye. There is 
room for more investigation of how these dark-light relationships combine information 
from the two eyes. The well known Fechner paradox stated that a weak light in 
one eye, instead of summating with a brighter one in the other, makes it lóok dimmer, . 
the perceived brightness being some compromise between the two; does this also 
hold with comparative judgements of brightness, for instance of figure and ground? 
Fry and Bartley (1933) have shown that this averaging of brightness varies not only 
with the absolute brightness of the dimmer stimulus, but also with the difference 
between it and the ground, and have suggested that the effects of binocular summation 
and inhibition combine. Similar problems arose independently in the course of 


the investigation to be reported here, and related findings will be discussed. 
FIGURE 1 


Right eye 


EXPERIMENTAL METHOD AND RESULTS 


A pair of annuli (Fig. 1) were used as the stimuli in all the conditions to be described. 
They were 2:5 mm. wide and filled in either in black, white, grey or some colour. Their 
diameters were 35 and 16 mm., and one was inside the other with its centre displaced 
by 2:5: mm, in the nasal direction, The circles were cut out of coloured paper and stuck 
9n to cards 7 cm. high and 4 cm. wide. They were presented in an Asher-Law stereoscope 
34 c 
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at an adjustable distance from the eyes, varying from 15 cm. to 25 cm., SO that the 
disparity varied from about 0-5 to o:9 degrees. The cards were illuminated from above 
by a roo-watt anglepoise lamp. Subjects, after adjusting the focal distance, were asked 
to describe what they saw and were questioned on any points of interest which they 
omitted. 


(x) Colour rivalry and stereopsis 


The first series of cards used consisted of red and green circles on a white ground. 
Subjects were familiarized with the perception of stéreoscopic depth with card A 
which had red circles on both eyes. These were always seen as clearly in different 
planes. They were then tested with the other cards described in Table I, all of 
wliickzhad signals in different colours to the corresponding areas of each eye. » The 
two main points of interest were whether the cards would give an impression of 
depth despite the colour opposition, and whether rivalry between the colours would 
take the form of suppression at random (patchy appearance), suppression of one eye, 
or suppression of one colour. With cards C and D, the latter would have involved 
selecting one circle from each eye. Card E was included to see how a compatible 
contour (black in both eyes) round the inner and outer edges of the annuli affected 
the stereopsis and the red-green rivalry. Card D, which had no positional disparity, 
was a control, to ensure that subjects were not reporting depth when there was no 
stereoscopic cue provided. 


A ————————————————————————————— 


——-—-—-—-—-+—-————<—— 


ТАВГЕ 1 
Colours 
Left Right Nasal Both | Circles | No. 
eye eye dis- Dip- one | oppte. of 
Card| circles Е circles parity | Depth | lopia | Patchy | colour | colours 55 
А кеа кеа Үез 8 ° ° 8 o 8 
Red Red 
B Red ^ Green Yes 8 I 8 7 І 8 
Red Green 
(c: Red ə Green Yes 9 2 9 9 
Green Red 4 
D Red Green No o o 8 
Green Red j / T 
Red Green 
E (Black contour) Yes 8 3 8 2 2 8 
Green Red 
1 As can be seen from Table I, an impression of depth was reported by all subjects 
in all cases except D, where no subject saw any depth. A few subjects on some 
occasions failed to fuse both pairs of circles completely and saw three circles, the 


centre ones overlapping, but the impression of depth remained despite the slight 
diplopia. (Burian, 1936, has reported a similar retention of depth despite some 
diplopia.) 

The colours in this series were never seen as mixed (yellow, grey, or muddy 
coloured). They were seen either as patchy, fluctuating and "chasing each other 
round," or as alternately one colour and then the other, or as the two whole circles 
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in different cofours. Many subjects often and some occasionally saw both circles 
in the same colour even with cards,C and D, where this meant seeing one circle from 
one eye and one from the other. This,was, if anything, more frequent than seeing 
the circles one completely green and one completely red, although this would have 
been true "retinal" rivalry. Depth was perceived despite this suppression of half 
the coldur information. The single colour was much more rare with the black con- 
toyrs round the annuli (card E), which were described as much more unstable and 
patchy, although the depth effect appeared to be neither more nor less pronouriced. 
It seemed then that information about the colour could be suppressed in rivalry 
while the position and shape of the stimulus were retained. Since the disparity 
cue*for depth only exists if information from both eyes is used, and since the circles 
were sometimes seen all in one colour with card C, it is safe to,say that competing 
signals were not suppressed here (as in Bárány's experiment) on'one retina as a 
whole, and that even when a signal of one colour was apparently suppressed, 
information about its position or contour was being used. А 


(2) Intensity differences, rivalry and stereopsis 


A second, more detailed series of experiments was carried out to find more exactly 
what aspects of the signals were being compared and functioning as similar enough 
to give rise to stereopsis. The method used was to vary the directiom of change in 
intensity at the boundaries between figure and ground. А number of cards were pre-^ 
pared, varying the brightness of both circles and backgrounds and also theirecolours. 
The intensities of the light reflected by circles and background were measured in 
log foot lamberts, using an S.E.I. photometer, in the experimental situation. (Each 
measurement was the mean of ten readings, and its standard error was approxi- 
mately o-or log foot lamberts.) These intensities are given in Table II, together 
with the description of each card and the results on presence of depth and of diplopia. 
Since the hypothesis was that the direction of the intensity difference between 
figure and ground would be relevant, this is given as well as itsextent. The absolute 
values of the intensity differences given in the table are roughly comparable in 
subjective terms. Hanes (1949), for example, gives a scale of subjective brightness 
(very similar to the cumulated j.n.d. scale for brightness) which appears to be 
approximately linear over the range used here, of 0-4 to 1:6 log fot lamberts. 

The letter “О” in the column headed “circle colours" means that where the 
circles were in two different colours or brightnesses, there was one circle of each 
colour on each eye, as with card C in the first series. Thus the upper entry in that 
column would be the outer circle on one eye and the inner one on the other. The 
letter “S” means that the pair on one eye were the same colour or brightness. 

The cards were shown to subjects in the stereoscope as before, and the presence 
or absence of stereopsis was noted, as well as other details such as fusion or diplopia, 
and colour suppression effects. 5 ; 

e The cards in black, grey and white without colours will be discussed first. The 
results were, as predicted, stable and clear depth perception by all subjects with 
card X, where the circles were both lighter than the background, while the same 
Circles on an intermediate grey background, card Y, were seen with stereopsis only 
by one subject occasionally. In card Z, the difference in intensity in opposite 
directions on each eye was achieved by placing identical grey circles, one pair on 
a white card for one eye and the other on black for the other. Here again only one 
Subject obtained the impression of stereoscopic depth, while all subjects saw two 
rivalling pairs of light and dark grey circles. The difference was due, presumably, 
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TABLE II 
————————————————————————————————————————— 
» | Depth perceived Diplopia 
Back- A |р] No. 
Circle Log foot | ground | Log foot Intensity Occa- Occa- of 
Card| colours lamberts colours lamberts differences Always | sionally | Always | sionally | S's 
X | Dark grey о'80 Black 0°43 +037 13 о о о 13 
White (О) 1°53 7110 
Y |Dark grey 0-80 Light grey I-2Y — 0'41 o I 10 x 14 
4 White (0) 1:53 40-42 z 
Z |Darkgrey| оё White 153 —0-73 1 o 9 І 14 
Dark grey о" Black 043 +037 
XY | Dark grey o'o Black 043 +037, fore 5 6 5 3 13 
Wnite (О) 1:53 Light grey I'21 +110, | +032 > 
. Left Right 
* eye eye 
a iit EN 
P |Red 1:08 White 1:53 — 0'45 її о 2 2 її 
Green (О) 1:02 — 051 
a Q |Red 1:08 Black 043 +065 7 3 o 2 10 
Gréen (О) | ro» Toso 
R Red 1:08 Grey 1-06 +002 2 4 2? o 12 
Green (O) 1:02 a — 004 
S |Yellow 145 White I'53 —0'08 т 6 3 т то 
Blue (0) о*8т —0'72 
T | Yellow 14$ Black 0'43 +1702 7 3 3 о II 
Blue (0) o-8r + 0°38 
U | Yellow 145 Grey тоб +039 o o 7 4 12 
Blue (0) 0:81 —0:25 
G |Whie 1:53 Green 102 —0"51 10 1 o o II 
White 1:53 Red 1:08 —045 
H | Red 1:08 Сгееп 1:02 -- 0:06 2 6 4 2 I4 
Green (S) 1'02 Red г'08 —0'06 
Significance of risons between cards in Table 11, on presence or absence of stereoscopic depth perception. 
In order to ойша suficiently large реа values in each cell to make x? meaningful, some of the cards had to be grouped 
and in most of the calculations the cell for “occasionally” judgements was grouped with the "always" or with the “never” 
judgements. T 
Cards with difference in same direction mem 2 
Cards with difference in opposite direction } Significant, p < огоот. 
cud К Significant, p < o-oor. Сз Е апа 2 Significant, p < o*oor. 
cr x Significant, р < o-oor, Cares R Suv T } Significant, p < o'oo1. 
Сага E у, Significant, p < о'оот. care S апа 0 T } Significant, р < ovor. 


to the contrast of the circles with their own, monocular backgrounds. The back- 
grounds showed some mixture, tending to alternate between dark and light grey 
rather than between black and white. With card XY, which combines one card 
of the X pair with one of the Y pair, one circle composed of a dark grey on black and 
a white on light grey was seen as stable, silvery and fused, while the other circle, 
white on black and dark grey on light grey, was described as alternating violently, 
although the only difference was that these were steps in the opposite directions from 
their backgrounds on each eye. Here the stereoscopic depth effect was ambiguous, 
being seen by some of the subjects and not by others. 

Thus, with identical figures, one may get either rivalry or fusion. Card Z makes 
it untenable that some kind of correlation or identity of stimuli falling on corre- 
sponding points within the figures gives the cue for fusion, independently of the 
messages from surrounding areas. It is interesting in this connection that one of the 
pairs of dark grey and white circles in card Y was sometimes seen as fused and 
lustrous, while the others were not. This seems to have been a perception of both 
at once, a kind of superimposition of incompatible stimuli from corresponding points, 
but this. was not adequate for fusion of disparate retinal points ane depth perception. 


— 
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No comparable’ seeing of both at once, or one through the other, was reported with 
the red and green circles, although it was sometimes obtained with the blue and 
yellow ones which were more widely separated in brightness. 

Similar results on stereopsis were obtained with the coloured cards in this series: 
rivalry or suppression of incompatible colours, although present, had little effect 
on the perception of depth. The larger and more similar in size the differences in 
intensity in the same direction on the two eyes, the more reliable the impression of 
depth, whether or not the background or circle colours were rivalling. This impres- 
sion of depth disappeared when the circle intensities differed in opposite directions 
from their backgrounds, as in cards U, Y and Z. Where the difference became 
very small, as in cards R and H, the depth effect was decreased but not altegether 
destroyed. However, this might simply be an artefact of the experimental cards, 
which were not ideal for these tests: the circles were stuck on the tafds and might 
have thrown a slight shadow at the edges, which would provide a supplementary, 
though fragmentary, contour, perhaps sufficient to account for half the sybjects 
sometimes seeing the depth effect. A marked difference in intensities between 
the circles themselves, when one was relatively close to the background intensity, 
also decreased the ease with which they gave rise to a perception of depth. Cards 
S and T were less reliably fused than P and Q, although when the difference from the 
background was above a minimum for both, as with card X, an equally big difference 
in intensity between the circles had no detrimental effect. d 

The colour selection effects described in the first series also occurred here, the” 
circles often appearing patchy and fluctuating, but sometimes all in one colour. 
This effect occasionally appeared in an even more extreme form with card H, where 
eight subjects sometimes saw both circles and background in green, or both in red. 
The colours, in fact identical, did not appear so, for the circles seemed bright and 
the background duller or muddy. This was probably partly due to some colour 
mixing of the backgrounds which made them duller in colour, and perhaps partly 
to simultaneous colour contrast of the circles with their own background. This 
again would be evidence of an apparently temporarily "suppressed" stimulus having 
an effect on perception. У 

Since it has been shown that an impression of stereoscopic depth can ре caused, 
in the absence of other cues, by figures with the requisite position disparity and an 
intensity difference in the same direction from the background, the question arises 
whether this is the only stimulus which can be used in this way. It was obviously 
of interest to try the converse experiment, to see if similarity of colour could outweigh 
opposite intensity differences and provide an adequate stimulus for stereoscopic 


fusion and depth. 


(3) Stereopsis from colour cues s "n 

The third section of this experiment was designed to investigate this. possibility. 
Five more cards were prepared, again with different intensity relationships between 
circles and backgrounds, but this time all the circles were coloured green with the 


Same ink, which had been diluted to give different saturations on white paper, and 


therefore also different intensities. The details of cards, intensities and the results 
of the tests on stereopsis and diplopia are given in Table III. Cards L, М, and № 
аге similar іп their intensity patterns to cards X, Y and Z. 


The results with these cards showed the same trends as with the black, grey and 


white circles of cards X, Y and Z, but significantly more subjects did gain an im- 
Pression of stereoscopic depth with cards M,, M, and N, than with cards Y and 7. 
This seems to indicate that colour can provide a cue of similarity to give rise to 
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TABLE III Е 
| 5 Depth perceived Diplopia b 
Back- è No. 
e Circle Log foot ground Log foot Intensity Occa- Occa- of 
Card colours lamberts colours lamberts differences Always | stonally | Always | sionally | S's 
| i | 
L | Dark green 0:85 White 1:53 — 0:68 16 o I т 16 
Light green (O) 125 — o-28 4 | 
M, Dark green - 085 Grey 1:06 —o21 9 " 6 2 16 
4 Light green (O) 1:25 +or19 а 
“м, | Darker green 0-62 Grey 1:06 024 2 з n 3 14 
Lighter green (O) P 130 +024 
М, | | Medium green (S) 095 Black 0'43 +052 4 1 12 4 16 
a White 1°53 — 0:58 n 
= 2 
N, | Very dark green 0'50 Black 0*43 +007 5 8 I о 16 
Very light green, 2:37 White 1:53 —0'16 
(5) 


Significance of у? comparisons between cards, on presence or absence of stereoscopic depth perception. 
Here, fis with Table II, cards and cells were grouped where necessary to obtain sufficiently large expected values in each cell. 


Cards with difference in same direction "E 1 

Cards with difference in opposite direction } Signifeant,/ p< ооо, 

Card L Significant, р < 0'001 Card 1, Significant, р < ooox. 
Cards М, and М, gi ‚Р Ў Сага М, ] б 
Card І. а Card M, "xe 

Card N, Significant, p < o-oor. Card M Significant, р < 0-05. 


Cards N,, M, and M, } Significant, р < o-oor. 


‘fusion and stereopsis, although not a powerful enough one to counteract completely 
the conflicting information about figure-ground intensity relationships. This informs:- 
tion was still affecting the results, as can be seen by comparing L with M, and M, 
with M,. М, is closest to the intensity values for card Y and gave rise to least 
stereopsis. 

Some interesting observations were made on the apparent brightness of the circles. 
With card L, dark and light green circles on a white card, four out of 16 subjects 
did not notice there were two greens, a dark and a light; four said there was a sheen 
or velvety appearance, and eight saw the colours either rivalling, patchy or with 
some diplopia. With card M,, the same greens as before on an intermediate grey 
card, fourteen subjects saw the two colours clearly alternating or patchy, six with 
diplopia, while only two described them as velvety or with a sheen. With card N,, 
where the circles"were in fact the same medium green, one on a black and one on 
a white card, all the subjects saw them as different, some finding it difficult to believe 
they had not been, when told so afterwards. Twelve always failed to fuse the 
circles and four sometimes did. The circles on the black ground were seen as much 
lighter than those on the white,—a difference subjectively as marked as in card Му. 
On the other hand, the black and white backgrounds did nearly always fuse to some 
extent and were seen as a "metallic," "elephant" grey, or sometimes a “luminous” 
grey “with a sheen.” The difference in appearance of the circles seemed to be 
partly an effect of simultaneous contrast, and the fact that it was so marked even 
though the black and white of the backgrounds were not separately perceived 
supports the view suggested by Asher (1950) that the neural mechanisms responsible 
for contrast effects of this kind must be peripheral to the level of binocular fusion 
at which the backgrounds are “mixed.” 

With card N, an attempt was made to cancel out this contrast effect to see if 
rivalry could be eliminated and stereopsis induced even though the intensity 
differences were still in opposite directions. A lighter green pair of circles was used 
on the white ground and a darker pair on the black. However, in order to get any- 
where near cancelling the strong contrast effects, the intensities of the greens had 
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to be made so widely different that the light green was not much darker than the 
white and the dark green not much lighter than the black. Under these conditions, 
depth was usually perceived, but eveh then the pale green were still seen as slightly 
darker than the dark green circles, The backgrounds were more or less fused and 
grey again and the circles were seen as almost the same brightness as the background, 
or very slightly darker or lighter. The whole picture appeared much more stable 
and dull than with N}. 


(4) Contrast and binocular perception of brightness 


One possible explanation of these findings with cards N, and N, may be that 
what*is coded at a peripheral level is the difference in intensity gf the figurefrom 
their own monocular backgrounds. Relative excitation or inhibition across the 
boundaries, or the rates of firing of the “оп” and “ой” fibres in tht retina as the 
eye moved,. would give this relative brightness. The backgrounds are then fused 
more centrally and the relation "circle on left retina is lighter than the background 
by amount x" is interpreted perceptually in relation to the fused background, so 
that the circle is seen as lighter than this fused field by amount x. This might 
appear to be another way of describing simultaneous contrast, but it defines a little 
more fully what might be happening in a situation with conflicting binocular 
information, and it also leads to some different predictions: if a dark grey circle were 
presented on a black ground to one eye, and a white one ona light grey ground to 
the other eye, the contrast should be in the same direction for both eyes, if, as seems 
likely, it is a peripheral process; but on the hypothesis put forward here, the white 
should appear grey, lighter than the fused background, but darker than the monocular 
white. A card (W) was prepared to test this point. At the same time, an attempt 
was made to quantify to some extent, with the apparatus immediately available, 
the changes in brightness when various pairs of the cards already described and 
a few new ones were seen combined in the stereoscope. The brightngsses were 
compared with those seen when the two cards in the stereoscope were identical for 
the two eyes. This was to see whether the changes in apparent brightness could 
all be attributed to the normal simultaneous contrast effects. * 

A series of greens and a series of greys of eight different intensities from 1:45 to 
0:50 log foot lamberts were prepared, again using the same inks at different satura- 
tions. Rectangles of these 6 cm. by 4 cm. were stuck in ascending order from left 
to right on to a white card. Subjects were shown the cards in the stereoscope 
and asked to match the brightnesses of both circles and backgrounds, as seen under 
those conditions, with the nearest sample rectangle on the matching card, or to say 
between which two rectangles it lay. A check was kept that they spent approxi- 
mately the same time looking before taking their decision (about 20 to 30 sec.), to 
avoid too much variability due to changes in contrast with time. The matching 
sample card was outside the stereoscope in as near as possible to the same illumina- 
tion. The subjects were also shown each card with an identical one to the two eyes, 
and asked again to make a successive comparison and match between the sample 
Tectangles and the circles as they appeared on their own backgrounds seen with 
both eyes, Each card in all the combinations used was shown once to the right and 
once to the left eye. The details of the cards and the mean intensities of the samples 
with which they were matched are given in Table ТУ. ; 

Clearly there is a considerable difference, particularly with cards N, W and 
М, V, and Уу, between normal simultaneous contrast with the same picture to both 
eyes and the brightness matches made with the non-identical pairs presented inside 
the stereoscope. Seventeen out of 20 of the differences between brightness matches 
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TABLE IV 
APPARENT BRIGHTNESS IN THE STEREOSCOFE AND WITH NORMAL SIMULTANEOUS CONTRAST 


N, 
Green, 095 | White, 1-53 vôs ) 
М, | Green, ogo | vw очу 
Green, 1:37 | White, 15) 
CN, Green, оуу | Blagk, os 
Ny | Geren, 137 | White, 1-53 


Green, ogs |eWhile, +55 
Green, oso | Black, 043 
3 


Sig. 
Gry, O53 | Black, о, Sig. p 
Pain ite, 153 | Grey, ги Sig. p 
V, | Green, 095 | Black, 043 Sig. p 
White, 1-53 | Grey, 1721 Sig. р 
V, | Green, oso | Black, очу Sig. p < 
White, 1°53 | Grey, rat Sig. < 
V, | Green, 1:37 | Black, 043 Not sig. р 
White, 155 | Grey, гп Sig. p < 
Green, o*so | Black, 043 Not sig. р 
White, 153 | Black, 043 Sig. p < 
з 
The column giving the significance he ificance of the difference between the apparent brightness 
with t бы seing identical cards C ie apparent brightness when the cards were seen in other 
combinations in the stereoscope (" 
Signi; of some further differences brighi 
N, on white card with N, on black Ny on black, signi: р < oos. 


t, р < 0-05. 
N, on white card MS N,on Маск > №, on white with N, on black, Depas. Een (Change in reverse direction.) 
tness change in Vy, te on grey, significant, p < o-oor. 
The standard deviations of the “stereoscopic matches" ranged between 0-03 and 0-18, with a median of 0-08, and the 
standard errors. from 0-01 to oos with a median of ооз. The standard deviations of the “normal matches" ranged from 
0°04 to 016, with a median of o-06, and the standard errors ranged from o-o1 to 0-03, with a median of о-о2. 


N, on black card with Ny on white >N, on black with N, on white, Significant, p < o-oor. 

under the two conditions were statistically significant, at least at the $ < 0:05 level. 
With card N, there was little or no change due to normal brightness contrast, but 
in the stereoscdpic combination, the change was so marked that the pale green on 
the white was matched with a slightly darker green than the match made to the 
dark green circle on the black card. The match for the “fused” backgrounds was | 
often found difficult, for as soon as it became the object of attention, it tended to 
fluctuate or vary between a darker and a lighter grey. The difficulty was particu- 
larly marked with cards where the differences in intensity between background 
and figures were largest. Where it was found impossible to choose a single grey 
to match it, the greys between which the ground was rivalling were given instead. 

With cards W, V;, V, and V, it is no longer possible to hold simultaneous contrast 
responsible for the darkening of the white circles, for both backgrounds were darker 
than the circles. With card W the circles were seen as two similar shades of gréy 
(by three subjects as the same grey for the first minute or two), although the whiter 
pair were always later seen as a little lighter than the dark grey ones. Could this 
darkening have been due simply to mixing of the circle brightnesses, rather than 
a relative figure ground effect of the sort hypothesized? With cards V, and V, there 
did not appear to be any trace of green in the darkened white, apart from the usual 
patchy, rivalling effect. Also, with card У, the darkening of the white actually 
made it significantly darker (5 < 0-01) than the greéh on the other eye, so that some 
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ess other than averaging the figure brightnesses seems to have taken place. 
rer, mixture or "averaging" of the circle intensities was playing some part, 
d be seen by the different matches made to N, and №, when they were differently 
keeping the same backgrounds. Card J was made to test how much of the 
ening could be attributed to mixing, for here the backgrounds were identical, 
h black, and only the circles were different. A slight darkening of the white 

e place, but significantly less ( < 0"001) than with card V, where the white 
‘Circle was paired with the same green on black as card J, but was itself on a gtey 
ba ‘ound. . 

There seemed in fact to be some compromise between this "averaging" of the 
tirclé brightnesses, and the system suggested earlier, where the difference in intensity 
from the monocular background was interpreted as referring to the binocular " fased"' 

background. Taking this "compromise" hypothesis at its crudest ahd'simplest for 
moment, one can attempt to see if it would lead to predictions in the correct 
ion for all the matches made. The predicted values given in the table for the 
parent brightness of the circles are calculated by the following somewhat arbitrary 
hod. The two factors determining the perceived brightness were taken to be 
the average of the brightness effectively reported by each eye (shown by the 
Matches made with identical cards seen with both eyes). (2) The brightness given 
by relating the apparent contrast difference in intensity at the eye, not to the back- 


т 


ütions were averaged to predict the subjects' matches in the binocular situation. 
. 


Th formula was: В + (MoE, where B is the fused background (MC — MB), 
the difference in intensity between the monocular background and the apparent 

tness of the figure presented to that eye (with the normal contrast effects as 
ermined with identical figures to the two eyes), and C is the meanvof the apparent 
ensities of the two circles (again with the normal simultaneous contrast effect). 


For cards where the backgrounds were only partly fused, B was taken as the semi- 
fused light grey for the circle on white, and the dark grey for the circle originally 
on black. 3 
_ The results fit these predictions well in some cases, and all cases show a change 
m the monocular intensity in the expected direction; the product-moment corre- 
on between predicted and actual values gives 7 = 0°90 (significant, p < о-оот). 
graph shows the actual values plotted against the predicted ones. The monocu- 
intensities are given by the bars (value on the y axis); the arrows show the extent 
the change in apparent brightness in the stereoscope, and the letter “с” shows 
apparent brightness with the same card to both eyes, that is the normal simul- 
us contrast effect. The regression line of the apparent brightness in the 
eoscope on the predicted brightness is also given; it is quite close to the predicted 
relationship, but a little less steep (A = 0°89 P + 0-11), Thisseemstobebecause 
ubjects’ judgements of brightnesses at both extremes of the scale were closer to 
mean than was predicted. 
The product-moment correlation between the monocular figure-ground contrast 
differences and the apparent brightnesses of the circles in the stereoscope was also 
high (0:85) (significant, p < 0:001), while the correlation between these stereo- 
pically perceived brightnesses and the mean of the circle brightnesses with normal 
trast effects was 0-71, the latter being significant at the oor level. И 
. Since the hypothesis was left in a crude form, simply as one suggestion, no more 
eight will be attached to this point than to say that the fit appears encouraging. 
Se j e 
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und at that eye, but to the background resulting from fusion. Thése two con- , 
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It would, of course, need more quantitative refinement than was possible with the 
simple apparatus available. 


FIGURE 2 


A=0'89P+0°11 


Apparent brightness 


* Log foot lamberts Predicted brightness 


Regression of apparent brightness on predicted brightness. 
The bars show the monocular intensity of the figure, the 
arrows the extent of the change to the apparent brightness, and 
the letter “С”' indicates the normal simultaneous brightness. 


GENERAL DISCUSSION 


It would be rash to speculate in much detail on the neurophysiology behind 
these findings. Several points do seem to emerge from the experiment, however. 
It seems clear that colour information can be treated separately from the positions 
and shapes. If one supposes that the suppression in rivalry occurs somewhere at the 
periphery, then from the suppressed areas there must be many input fibres which 
are left uninhibited. It seems unlikely that Bárány's finding on the loss of the pupil- 
lary reflex would hold in this situation. There seem to be at least three types of 
perception: a random patchy network, suppression of one colour as a whole, of 
suppression of signals from one retina as a whole. The first could be explained 
by competition between “corresponding fibres” for individual common pathways 
at some more central level, giving a random distribution of the two colours. De 
Valois (1960) has identified cortical cells in the monkey which respond selectively 
to a red light presented to either of the two eyes. 

The other two types of perception perhaps imply some central or centrifugal 
inhibitory mechanism of a more systematic type. In all the cards with compatible 
intensity relationships, there was rivalry between differing зг information only. 
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This may give additional support to the view that colour information is carried by 
different neurons from those which respond to intensities of light (Granit's modulators 
(1955) perhaps, leaving the dominz'ors to carry the information on intensities of 
the stimuli). Neurophysiological eviderice for the relative independence of these 
two types of information is also given by De Valois who found cells in the dorsal 
layers of,the monkey's lateral geniculate nucleus which responded specifically to 
different wavelengths and were not affected by the state of adaptation. Also 
intefesting, from the point of view of colour rivalry, is his finding of a second colqur 
receptive system in the intermediate layers where the same cell responded with the 
“оп” responses to one colour and with “off” responses to its complementary colour. 

The perception, often reported here, of a card seen entirely in one colour, although 
this involved areas on both eyes, could be explained as а cenfral or centrifugal 
suppression of these specialized cells carrying colour information. e . 

The perception of stereoscopic depth appears to be dependent not only on slight 
displacements of identical contours falling within the fusional areas, as is generally 
accepted, but also on the particular intensity relation between figure and Фаск- 
ground. This complements Fry and Bartley’s finding that binocular brightness 
rivalry was dependent on the intensity level of the field lying between the intensities 
of the rivalling patches. Grindley and Whittle (personal communication) are also 
investigating these aspects of binocular rivalry at present and some of their results 
are similar. As has been said earlier, it is tempting to suggest that “fusion” and 
stereopsis are dependent on similar excitatory, or alternatively inhibitory, messages 
from the two eyes. One plausible system might be the "on" and "off" signals, 
which have been recorded both peripherally (Kuffler, 1953) and centrally (Hubel 
and Wiesel, 1959). These give a different response to changes in intensity in opposite 
directions from the resting level, and together with eye movements are often thought 
to be useful in giving predominance to contours or discontinuities in distribution 
of light. They also convert intensities into "figure-ground" relationships rather 
than absolute levels; this appears to fit the requirements here found expérimentally 
for “fusion” and depth perception. These signals may, then, be compared from each 
eye, and if both are “on” orboth “ой” responses, disregarding the absolute frequency, 
(apparently over a wide range: 0-9 log foot lamberts in card W) they are combined, 
and can give rise to perception of depth, if the requisite horizontal disparity is also 
Present. Granit (1955) cites considerable evidence for the antagenistic, mutually 
exclusive nature of the “оп” and “‘off” responses, at least at the retinal level. A 
binocular neurophysiological interaction which may be of a similar type to this has 
been shown to occur by Hubel and Wiesel (1959). They recorded from binocular 
units in the cat’s striate cortex and found interaction and summation of responses 
between excitatory and inhibitory regions of the two homologous receptive fields. 
Of interest here is their observation that an inhibitory signal from one eye could 
cancel an excitatory one from the other in a single cortical cell. They also found 
many cells responding only to one eye, and these might supply the signals which 
are seen as rivalling; possibly, if there were only binocular cells, incompatible signals 
Would "cancel" each other and never be seen. ( 

The explanation in terms of “оп” and “ой” responses to increases ог decreases 
of light stimulation might be dependent on the occurrence of co-ordinated eye 
movements in the two eyes to maintain the initial stereopsis. A preliminary test 
With just three subjects in fact suggested that when a central point was fixated the 
depth effect disappeared, the circles were seen in one plane and tended to become 
unfused. This may be some additional support for the “оп” and. "off" signals 
hypothesis. i T 
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It would, however, also be possible to have a similar explanation for a stationary 
field. Hubel and Wiesel showed that the retinal receptive fields of cortical cells 
consisted of elongated central areas, about one degree wide and four long, surrounded 
by areas of opposite excitatory or inhibitory effect. If, for example, part of a figure 
brighter than the background on one eye lay on a central excitatory field, the balance 
of excitation would be higher than the inhibition for that eye. But on the corre- 
sponding receptive field of the other eye, the background would be brighter than the 
figure, and would be falling on the flanking inhibitory areas; this might give rise to 
the antagonistic or cancelling effects found by Hubel and Wiesel. On this hypothesis, 
one might explain the size of the fusional areas for stereopsis by the size of the 
central areas in the receptive fields of the binocular cortical cells (both being 
about one degree wide, although the latter were, of course, measured for the cat's 
retina). 

Along similar lines one might explain why the backgrounds appeared to "fuse" 
or "average" in brightness more than the circles: where there are no changes or 
discontinuities in intensity, there will only be messages from cells which respond 
more continuously to light, no signals from incompatible fibres, and therefore perhaps 
the possibility of taking some kind of average reading of the intensities at the two 
eyes and seeing this as а more or less “fused” area, as described for uniform fields 
by Fechner's paradox. 

The compatibility of the excitatory or inhibitory messages from each eye does 
not, however, appear to be the only one for stereopsis, although it plays a large part. 
Similarity of colour can to some extent compensate for incompatibilities in brightness 
information to give a more or less stable impression of depth. Coincidence in the 
firing of cells specific to certain wavelengths appears to provide a supplementary 
cue, its lesser effectiveness being consistent with the small number of “modulators” 
as opposed to "'dominators." 

To return tó the apparent brightness and contrast effects noticed independently 
of the depth effects: the findings with cards Z and №, (that rivalry was induced 
between identical circles because of their different monocular backgrounds) could 
be explained by saying that simultaneous contrast, excitation or inhibition, occurs 
peripherally to the. binocular system mediating stereopsis. However, when one 
compares in more detail the matches made with different cards at each eye and the 
normal contrast matches made with the same card seen by each eye (particularly 
with cards N}, V and №) some striking differences emerge which suggest that one 
needs to modify the explanation based simply on monocular contrast. One might 
suppose that, while the “оп” and “ой” fibres (or relative excitation and inhibition 
generated at the figure-boundaries) from the two eyes are not compatible and are 
never combined in the binocular image, the fibres responding continuously to illumina- 
tion might combine, as Fechner's paradox suggests, to give an average of the two 
monocular circle brightnesses, as well as of the backgrounds. The perceived bright- 
ness of the figures might be some compromise between (т) the average of the two 
brightnesses seen with simultaneous contrast effects from the background, which 
would be the contribution of the fibres giving a continued response to illumination 
and (2) the mean fused background plus or minus the difference of the figures from 
their monocular background. The latter would be the result of taking relative 
brightness from the rate of firing of the "on" and “off” fibres and perceiving it 
in relation to the "fused" averaged background. As was shown in Table III, the 
results are sufficiently similar to the predictions, even on this somewhat arbitrary 
calculation, to suggest that the underlying processes may be of the general type 
suggested. А a 3 
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A STATISTICAL TEST OF А PREDICTION FROM 
INFORMATION THEORY IN A CARD-SORTING 
SITUATION 


BY 


D. R. J. LAMING 
From the Department of Experimental Psychology, University of Cambridge _ 


Previous work with cards left the joint effects of varying entropy and discriminability 
on choice-redction times somewhat in doubt. A card-sorting situation is here constructed 
in which entropy and discriminability can be varied independently. Two experiments 
are described with naive subjects and two different treatments of the practice effect. 
The éffect of varying entropy with discriminability held constant is shown to be signifi- 
cantly non-linear, contrary to the prediction from information theory. Finally a statis- 
tical model is proposed which shows at least qualitative agreement with the results of 
these experiments. 


INTRODUCTION 


Previous experiments on choice-reaction times have mostly had either a constant 
difficulty of discrimination or a constant entropy of the choice situation. Hick 
(1952).showed that equi-probable multi-choice-reaction times are approximated by 
the formula? = a log (n + 1), (n = 2... то). He concluded that the amount 
of information extracted from the situation is proportional to the time taken to 
extract it, on the average, and found this to be true also when a large number 
of errors was deliberately made. Hyman (1953) obtained results fitting the formula 
a+b D pi loghi He also found that the mean response times to several alternative 


signals were different in conditions of frequency unbalance, but not so different as 
a consideration of their respective entropies would lead one to expect. Crossman 
(1953) also investigated conditions of frequency unbalance, and found. some effect 
of discriminability on reaction time. Crossman (1955) examined the reaction time 
for several different levels of discriminability, and found reaction times approxi- 
mately linear with С (S,S,) = r/[log x, — log х], which he called a “confusion 
function." When this confusion function was generalized to more than two 
choices, it seemed to give a complete explanation of reaction time, regardless of 
the increase in entropy. But, apart from this one experiment, the effects upon 
choice-reaction times of entropy and discriminability have. usually been studied 
separately. 

If we adopt Wiener's (1948) formulation of the amount of information required 
to make a discrimination, choice-reaction time should be a sum of separate delays 
due to discriminability on the one hand and frequency of occurrence on the other. 
We should expect, then, that pairs of signals with different discriminabilities would 
give a family of parallel straight lines on a time-entropy plot. Crossman's confusion 
function may give a similar result, but his final experiment (1955), provided his 
generalization of the confusion function was valid, suggests some form of interaction. 
The following experiments set out to vary both discriminability and entropy syste 
matically, to see whether their respective effects upon choice-reaction time summate 
simply or interact. 

Two arbitrary features of these experiments should perhaps be justified; the use 
of naive subjects, and the use of a two-choice situation. 


. 
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| Тһе subjects used in these experiments were given only a very small amount of 

practice, designed to accustom them to the experimental situation—to enable them, 
for example, to determine beforehahd the most convenient way to hold the cards 
for sorting. In this sense we call these Subjects “naive,” to distinguish them from 
subjects who are given practice at the experimental task in order to improve their 
performance to some stable level of efficiency. These latter we call “practised.” 

: Naive subjects were used for these experiments because it is held that the mode 
of fünctioning of the naive subject is of greater importance than that of the highly 
practised one. Hick and Crossman showed that their particular subjects were 
capable, given sufficient training, of acting as an information channel of constant 
capacity, but their results can claim no greater generality than this. There is no 
way of showing that the level of practice at which Hick and Cróssman made their 
measurements was the most efficient obtainable and not merely a plateau. Mowbray 
and Rhoades (1959) have found that with long practice the information slope tends 
to disappear. If, then, we practice our subjects, we must justify the particular 
amount of practice we give them, else our results have no claim to univerSality. 
If we use unpractised subjects, our results may be valid for all unpractised subjects, 
which is nearly everybody in the world. 

- Ft is possible that with practice the subject may develop a different mode of 
functioning. If this is so, it needs to be shown; but the functioning of the naive 
Subject will still need to be studied. . : 

| А two-choice situation was chosen in case the result of Crossman's final experiment 

j (1955) was due to his generalization of his confusion function to more than two 

- dimensions not being valid. We have achieved in these experiments a variation of 

entropy with constant discriminability, whatever form the confusion function might 
take, provided it does not involve probabilities of occurrence. A two-choice situation 
also has the virtue of keeping the number of independent variables to a minimum, 

Which is a vital consideration in validating any mathematical model. Although 

а number of models that have seemed to fit a two-choice situation hfve proved 

impossible of generalization to three or more choices, it is nevertheless necessary to 

begin with the study of two-choice situations, or we are faced with mathematics 

_ Of appalling complexity. е 


METHOD е 


3 In these experiments we used only a two-choice situation. Discriminability was 
varied by changing the physical magnitudes of the discriminanda, and entropy by changing 
their relative probabilities of occurrence. These two factors could be varied quite 
independently. We shall use “ratio” to signify the ratio of the physical sizes of the 

iscriminanda, “frequency” to signify their relative probabilities of occurrence, expressed 

) as the number of occurrences of each signal in a series of 48, and ' frequency scale" to 

Signify a scale linear in the probability of occurrence of a given signal. f TIS 
: eliminary experiments in the present series suggested that choice-reaction time is 
* 3inear, not with entropy, but with frequency, that the gradient of the time-frequency 
ine increases with the ratio approximately according to the function (ratio — 1 ог 
g ratio)-, and that the absolute reaction time for a particular subject varies appreciably 
Om session to session. More errors were made in these preliminary experiments on 
the infrequent than on the frequent signal. Accordingly, in the main experiments the 
Teaction time was determined for three different frequencies, so chosen as to provide 
à sensitive test between the “time linear with entropy" hypothesis and "time linear 
| frequency." A test between the functions (ratio — 1)-3 and (log ratio)-5 was carried 
Out in the same way, and the measurements from each subject, in order to be comparable, 
Were taken all in the same session. 
^, Within an experimental session we f 
die to'practice, Hick and Cros$man us 
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ound a progressive decrease in reaction times 
ed only a small number of practised subjects; 
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their measurements were made when their subjects had reached a state of level per- 
formance. But since reaction times are also affected by motivational factors and boredom, 
such uniformity of performance is somewhat artificial. Further, high degrees of practice 
are not practicable with a statistical test of the hypotheses in question against the variance 
between subjects, since this requires many subjects. There are two other ways of 
meeting practice effects; either we have three random groups, one for each frequency 
(Experiment I), or we have six random groups, each group tested at all three frequencies, 
but in a different order (Experiment 1). 

Choice-reaction times were obtained by measuring the time taken to sort а pack 
of %48 cards, The cards were blank playing-cards with black stripes painted on them in 
indian ink. A ќртріаќе was first prepared by cutting a hole the exact size of the stripe 
required in the centre of a card. The template was used to outline the stripe in pencil 
on each card. Because of the properties of surface tension relative to the shiny surface 
of thd cards and the pencilled outline, it was possible to fill in the outline to a tolerance 
of about oor in. The stripes were 0:26 in. wide and 2:83 in., 1-68 in., 1-41 in. or 0-35 in. 
long, and were staggered randomly along the centre-line of the card. The cards were 
randomized for sorting by shuffling in a uniform manner—three "'riffles" and a “cut,” 
always done by the experimenter. 

The subjects were volunteer university students. They were seated at a table, 
sorting the cards into two piles. Each pack began with a blank card; the subject began 
to sort when he felt ready and the time from the blank card to the 48th card, an exact 
48 sorting movements, was measured with a stop watch to the nearest tenth of a second. 
These measurements were affected a little by the experimenter's reaction time, but the 
effect produced was only a small and constant increase in the means and variances of 
those distributions from which the measurements were a sample. Duplicate packs were 
used, so that while one was being sorted, the experimenter could check and shuffle the 

` other. Subjects were told what errors they had made one pack in arrears, but never 
what time they had taken to sort. 


EXPERIMENT I 


Three random groups (A, B and C) of 12 subjects each were used for this experiment, 
and packs with three different ratios (1-19, 1-68, 8:00) made up of the pairs of lengths 
(1:68 in., 1-41 ip.), (2:83 in., 1-68 in.), (2-83 in., 0-35 in). Half of each group worked 
with a majority of long stripes, half with a majority of short, in the conditions of frequency 
unbalance, and we shall denote these half-groups by A; A, etc. Each subject did one 
session of about 75 min. The session began with a standard amount of practice (two 
82-card packs, uency 41:41, ratios 109 and 1-19, sorted in the subject's own time), 
and continued with one practice run and six timed runs on each of seven packs. The 
specifications of the particular packs sorted by each half-group are given below in Table I. 
The frequencies are shown by the symbol x: y, where x = number of cards with long stripes, 
y = number of cards with short stripes in the pack. 


TABLE I 
SPECIFICATIONS OF THE Packs SORTED BY Елсн HALF GROUP IN EXPERIMENT 1 


Pack т Packs 2 to 4 Packs 5 to 7 
ratio т.т I:19, 168, 8:00 I'I9, 1:68, 8:00 
Half group face up face down face down 
QUE Oss acad sa иш шн NOS [eek ES SEN | Р 
А, 24:24 24:24 36:12 
А, 24:24 24:24 12:36 
B, 30:18 30:18 18:30 У 
В, 18:30 18:30 30:18 
C, 36:12 36:12 24:24 
C, 12:36 12:36 24:24 


V—————————— 


The six subjects within each half-group each sorted the three ratios in a different 
order and kept to the same individual order for packs 2 to 4 and for packs 5 to 7. There | 
was a short break in the session between packs 4 and’5. " 


y 


» 
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| _ The 36 subjects used had no previous experience of this sorting task. Sample stimuli 
were displayed for the 1:19 ratio in case the subject needed to remind himself of the two 
ок of stripe in the pack. The subjects were not obliged to put their piles in particular 
2 pisces nor on particular sides of the (айе. , They were told that it was better to go too 
|... slow too fast, in order to avoid errors. They were asked not to correct their mistakes, 
? but nonetheless some of them did, explaining that it was an immediate reaction. The 
incidence of these corrections was small and randomly distributed among the subjects. 
i Hence these corrections caused only a slight increase of experimental variance and did 
not bjas the outcome, and so no special allowance for these cases was required. 


Table II shows the mean times in sec./pack for each condition in Experiment I. 
The nieans are averaged over all the subjects timed under each pagticular condition, 
and the variances quoted are those obtained between the mean times for the indfvidual 


TABLE II 


Means 1м Sec./PAcK AND VARIANCES FOR Each FREQUENCY-RATIO CONDITION 
IN EXPERIMENT I 


7 Pack г Packs 2 to 4 Pachs 5107 
En. | 1 
Frequency tropy |г-то faceup| 1-19 р rig | 168 | $00 
E c — ii чу us 
E 
| 


(means of 12 30°40 52:75 | 41:92 | 39°65 | 4622 | 38:53 699 
subjects) 18-80 44°80 | 15:29 | 15:44 | 1765 | 502| “496 


(means of six 31:87 53:51 | 44:36 | 43°00 | 49:70 | 4062 | 3829 · 
subjects) 41:36 84:66 | 56:68 | 50:94 |15948 | 71'42 | 4277 


(means of six зи 48:57 | 41°82 | 38-89 | 50°66 | «216 4101 
subjects) 12780  |132:38 | 70°87 | 77:51 | 57:53 | 217%] 43°62 


(means of six 28-98 | 47°87 | 39:07 | 36:66 | 47:37 | 36:06 |. 35°95 

Subjects) 41:66 10-16 | 1796 | 247 | 1873 | 751| 470 

, 12:36 o:812 

means of six 26:20 43°66 | 3788 | 35°74 | 4759 | 3863 |е 3595 
z: 


subjects) 4°40 449 | 0°83 5470 4599 | 4303 


li) A majority of long stripes compared with a majority of short 
The subjects in group B were all timed with packs of both frequency 30:18 
and 18:30. The mean time for the frequency 30:18 (44-01 sec.) was significantly 
- Ereater than for 18:30 (43:85 sec.) at the o-oor level in an Analysis of Variance. 
Hence the times for packs with majorities of long and short signals should be 
* analysed separately. 


_ 8) The relation between time and frequency 
The frequencies 24:24, 18:30 and 12:36 have entropies 1:000, 0:954, 0:812 
Téspectively. Hence if ta» ty, іс are their respective mean times, we should find 
За — ty + 16-0 if the information theory hypothesis is correct. The same 
telation should hold if we consider the frequencies 24:24, 30 :18 and 36:12. On 
the other hand, the linear-with-frequency hypothesis would predict /, — 21; + tc = 0. 
To test these hypotheses we make a comparison within each column of Table II, 
| Y ing the analysis of the tinte for majorities of long signals separate from that 


LI е 


, 


42 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


for majorities of short. But if we compare the variances within апу of the columns 
of Table II we find that they differ from each other significantly at levels as high as 
oor. Accordingly an Analysis of Variance is'not possible with these data, because 
the sample sizes are too small, and we must test the above hypotheses by the 


formulae: 
| QU) X00 ., % 
t (31, — 4 «f JG T ЕЕЕ 


1 2 
б 2+0], CREE 


where 4 has six dégrees of freedom, and ол, св, oc are the variances corresponding to 
ta, fg, fe respectively. These formulae do not give any significant differences from 
zero, even when we combine “packs 2 to 4” with "packs 5 to 7.” 

Table II suggests that there is a rise in time from 24:24 to 30:18. But the 
difference between the means is certainly not significant: it probably arises because 
B, as a group, was slow, and would not have appeared if the groups h: been 
sufficiently large. The' results under this heading are strikingly insensitive compared 
with those under the previous heading, because in this case it was not possible to 
remove the variance due to the large inter-subject differences in mean reaction time. 


(iii) Change of the time-frequency relation with varying ratio 

We shall use the difference between the mean times for the same subject at 
frequencies 24:24 and 12:36 (or 36:12) as a measure of the gradient of the time- 
frequency curve. In an Analysis of Variance we find no significant difference 
between the gradients, measured in this way, for the three ratios used. This 


experiment therefore fails to distinguish between the two hypothetical functions 
(ratio — 1)-* and (log ratio)-*. dT 


(iv) Unbalance of errors 


In conditions of frequency unbalance more errors are made on the infrequent 
signal, even when we disregard the difference in number of errors possible. This 
difference is significant at 0:001 on a x? test for groups В and C. This unbalance of 
errors seems to become more extreme with unbalance of frequency, but this tendency 
is not quite significant at the 0-05 level. 


EXPERIMENT II 


Experiment I failed to yield a decisive answer on the relation between time and - 
frequency because the size of the groups was too small relative to the variance between 
subjects. If on the other hand we used the variance within subjects to test our hypo 
theses, we mightobtain spurious results arising from one group's being slower than another. 
For example, if we compare the mean times for the frequencies 24:24 and 18:39 in r 
Table П, we find that for the times obtained from groups B,, A; and A, (packs 2 to 4), 
frequency 18: 30 is faster than 24 : 24, whereas for the times from groups B, С, C, (packs 
5 to 7), the reverse is true; both these differences are significant when tested against 
within-subject variance. It is important therefore to use the variance between subjects 
to test the hypotheses here. We can reduce the size of the group required to obtain 
a sensitive outcome by having every subject timed under every condition. The time 
can then be adjusted for each subject’s “movement time” in an Analysis of Variance. 
This procedure was followed in Experiment II. 

Only one ratio (1:68) made up of the pair of lengths (2-83 in., 1-68 in.) and three 
frequencies (24 :24, 18:30 and 12: 36), which we shall designate A, B and C, respectively, 
were used in this experiment, so that in conditions of frequency unbalance there was 


always a majority of short stripes. There were six random groups of six subjects eac" 
| 
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group to each possible order of the three frequencies. Each experimental session 
in with one practice run with that pack on which the subject in question would first 
imed; then four times wére recorded at each frequency in the order appropriate to 
übject's order group; after a break of 2»min. or so another four times were recorded 
h frequency, but in the reverse order. Each subject did one such session, Which 
about 3o min. The reversal of frequency order in the second half of the session 
ced the effect of practice during the session on mean sorting times. Sample stimuli 
displayed with the larger stripe always to the subjects’ right. 
— Half of the subjects in each group had had at least 1 hour's previous experience at 
task, the others were naive. We shall designate these two groups of subjects as the 
lice and the Non-Practice groups respectively. They were all told £hat the experi- 
was designed to investigate small differences in the mean times under the three 
uency conditions, and were instructed to go as fast as they could throughout the 
But they were also warned not to make too many mistakés—not more than 
For two per pack—since this would make their times unreliable. They were explititly 
tructed not to correct any mistakes they made, although one or two of*th&m still tried 
0 so. They were informed of their errors, but not their times, as in Experiment I. 
Finally the orders of long and short stripes were noted in eight sample shufllings 
each frequency with the pack used in Experiment II, These were tested for random- 
by а one-sample runs test. At the 24:24 and 18 : зо frequencies there was no signifi- 
at departure from randomness; at 12 : 36 there was a small butshighly significant depar- 
in the direction of too great a length of run of similar cards. Any effect which 
lack of randomness had on the times recorded would have decreased the departure 
the information theory prediction. 


TABLE III 
MEAN Time IN SEC./PACK IN EXPERIMENT П * 


Frequency .. 


Entropy  .. E а T e. 
Practice group — .. З. а 35779 
Non-practice group 3767 


Ly 
(i) The relation between time and frequency T 

As in Experiment І we have to test the hypotheses 3, — 4łs + fo = О and 
= 216 + i; = o. We can calculate for each subject a departure from? each of 
two hypotheses; these departures will be approximately normally distributed. 
The mean departure from the “time linear with frequency” hypothesis 
2ly + 16 = о) is significantly different from o at the 0-05 level for all subjects 
her and for the non-practice group alone. The mean departure from the 
tion from information theory (34, — 4#в + fc = 0) is significantly different 
at the 0-05 level for all subjects together and at the o-or level for the practice 
alone. The difference in mean departure between the practice and non-practice 
is significantly different from o at the 0-05 level. 


| Unbalance of errors 
TABLE IV 


ERROR SCORES IN EXPERIMENT П 


|uency d LA n | A= 24:24 В = 18:30 sporti 
mum number of errors possible ..| 3,456, 3,450 | 2,592, 4,320 | 1,728, M 4 
lice group*.. on A з 054,29 63, 16 69, 1 
practice group as ss s 105, 54 112,39 143, 13 


(x, y) indicates x errors on the long stripes, y errors on the short. i 
$e e 
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There are more long than short errors made at all frequencies; this is significant 
against individual differences at the 0-0005 level for A and B, and the o-ooor level 
for C by a 2-tailed sign test. The unbalance of errors in frequency A may be due to 
the effect of doing frequency B or C previously. If we compare the first four with the 
last four trials in the session of groups ABC and ACB we find that the balance of 
errors with frequency A was initially about even, but that it had changed by the 
end of the session; this change is significant at the 0:012 level on a 2-tailed sign test. 
There is no similar effect significant for frequencies B and C. 

The balance of errors, as measured by (long errors—short errors) is more extreme 
for C than for B; this tendency is significant at the 0-005 level on a 1-tailed sign 
test, «nd since the overall error level for each individual subject was roughly coristant, 
this.is a valid way of testing the hypothesis. The comparison between A and B 
was not significant. 

The practice group made fewer errors than the non-practice group; this was 
significant at the 0-02 level оп a 2-tailed Mann-Witney U-test. Their ratios of 
long errors: short errors were also different. 

If we calculate the. prediction of information theory for this situation with the 
correction for errors given by Shannon and Weaver (1949, p. 36), (Information trans- 
mitted = H(x) — H,(x)), we find a very small average departure, provided all the 
subjects are taken together. But if we take the practice group alone we find a 
departure significant at the o:oor level in the direction of a flatter curve on the time- 
frequency plot. The non-practice group has a departure significant at the 0-05 level, 
giving a curve more bowed than that which information theory would predict. 


Discussion 


The hypothesis that time was linear with frequency was purely empirical with 
no theoretical :basis and clearly does not agree with the results of Experiment IL 
Information theory, on the other hand, has hitherto gained support from numerous 
results, But it has not, to the best of the author’s knowledge, been previously 
subjected to a statistical test against inter-subject variance in such a situation as 
has been studied here. This is a necessary preliminary to any claim to universal 
validity: and the results need careful examination. 

The time sceres from Experiment II are shown graphically in Figure 1, together 
with the best fits obtainable with a simple information model. The general trend 


of the variation of time with entropy is close to a straight line, but for the practice | 


group the departure is significant at the o-or level. Further, there is a significant 
difference between the shape of line achieved by the two groups, and it seems likely 
that the time-frequency relation is not a simple function of time and frequency, 
but involves other factors as well, error-rate and ratio perhaps. But it may clearly 
be approximated in most cases by £ «c — Xp; log p; 

i 


If we apply Shannon’s correction for equivocation in a noisy channel, we find 
that significant differences still exist, and the agreement when both groups are taken 
together is almost certainly fortuitous. Information theory, again in the simp/e 
form in which it has been applied here, would predict no difference between the 
mean times for the frequencies 30:18 and 18:30, and is non-committal on the 
distribution of errors. 

[ The evidence on the effect of varying ratio on the time-frequency relation is 
inconclusive. Experiment I did not even establish that the gradient was significantly 
affected by the ratio, although some increase of gradient with decrease of ratio was 
certainly suggested. As the ratio is reduced towards r it reaches a threshold value, 
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which varies fror subject to subject and decreases with practice, and around which 
the errors rise to a chancelevel. Near this limit error rate is a much more important 
factor in determining response timó than is frequency. There is probably no 
discontinuity in the behaviour of the response-time function as the ratio is reduced, 
and so any complete treatment of this problem will need to relate response-time 
gradient not only to ratio, but to error rate and the threshold value as well. 
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^ 
These experiments suggest neither a simple summation nor an interaction of the 
effects upon choice-reaction time due to discriminability and entropy. Unless the 
true confusion function involves probabilities of occurrence, we may claim that 
discriminability was held constant in Experiment II. Nevertheless, significant 
departures from the formula é « — XP; log p; were obtained. Rather than dis- 
1 3 A 
| criminability and entropy having separate effects, which may interact with each 
other, it seems that we should regard the results obtained hitherto as approximations 
in different situations to the behaviour of some, as yet unknown, model, which will 
* Probably involve other factors besides discriminability and entropy. j 
Any model successful in this experimental situation needs to explain:— 
* (i): The time-frequency relation, which seems to involve more factors than just 
time and frequency, and cannot always be described by і с — Хр, log фи. 


(ii) The different times taken to decide on frequent and infrequent signals 
(Hyman, 1953). 


(iii) The increase in time with a majority of long signals as opposed to a majority 
of short. À 


*(iv) "The unbalancing of error$, which increases with the unbalance of frequency. 


в 
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(v) Certain changes with practice, in that the time-frequency éurve is flattened, 
the gradient is reduced (Mowbray and Rhoades, 1959), the error level is 
reduced and the unbalance of errors seems to become less extreme. 


THEORETICAL CONSIDERATIONS 
Most of the above requirements can be met at least qualitatively by a model 
based on the Sequential Probability Ratio Test developed by Wald (1947). We 
sit up a model with the following postulates:— ~ 
(i) The physical signal has a subjective correlate which is normally distributed. 
The subjective mean is related to the physical magnitude of the signal. 
_ (ii) The variance of the distribution increases in some way with the mean. 
(iii) The subject makes a series of brief observations of the signal presented, | 
approximating to a continuous sampling process. 
(iv) After each observation, without loss of time, the probabilities p(a/x, . . . Xy), 
f(b|x, ...x,) are calculated, where a and b are the two possible signals, 
х1... X, the observed values of the signal presented. 


(v) Decide for a if (а/ж, ...х,) EET. | 
| 
Decide for b if p(b/x,... x») > — For where 


$(b) = Р, (à) = x — Р, after any number, я, of observations. 


(vi) The values of A and B are adjusted to produce the fastest average reaction 
time compatible with a given overall error level, e. 


20° І —є 
Ifo, = 0, = o then м = peple- 8 2 + (1 — 2€) log = | 
which curve is slightly more bowed than that which information theory 
would predict. Both these curves are shown in Figure 2; the constants | 

in the curve derived from the sequential probability model have been ad- 
: justed to produce coincidence with the information theory curve at P =}. 
апа р = 1, and hence to demonstrate the very close similarity of the two - 
curves over that region of the frequency scale which has usually been studied. . 


b no. of errors on presentation of b b 1—p—é 
If we defin E ess a k 
ups B С) no. of errors on presentation of a’ then В. (2) Ur S | 


а 
of errors as that observed in the experiments. 
However, if we put a, > o, the values of A and B to satisfy postulate (vi) afe 

altered in such a way as to straighten the time-frequency curve and increase thew 

Т | 
value of Re Ө; 
qualitative agreement with the results of the experiments described here. It vil 
predict a longer reaction time to the infrequent signal, and a longer average reaction 
time when the majority of the signals are long as opposed to short. It also makes 
the prediction that if we repeated Experiment II with more long than short signals 
we should find a time-frequency curve more bowed than that predicted by informatio" 


theory, and a value of к. (2) са wane 


b 
and for р = 0:25, and є = 0:05, Re( ) = 3:5, which is not so extreme an unbalance 


provided p < 0:5, as in Experiment II. Thus this model is in 


j 


TT a лл 
> 
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DUUM 
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| One very important difference from earlier models (cf. the one discussed by 
Crossman (1955)) arises from the use of a sequential decision procedure. In a fixed 
sample model the decision process іѕ' fermjnated when a certain number of observa- 
tions have been made. Consequently, unless some specific postulate to the contrary 
is made, reaction time will be constant, and in any case will be independent of the 
signal presented and the response made. In a sequential model, on the other hand, 
the decision process is terminated when a certain likelihood in favour of one or other 
of the alternatives has been réached. Thus the number of observations required 
will vary, and, in the case of the model described above, the response time will be 
approximately normally distributed by virtue of the decision process involved. 

ә 
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The time-frequency relation predicted by the model for two alternative signals distributed 
With equal ed саа with the relation obtained from Information Theory. 


As yet this model makes no prediction about the effects of practice ;buta reason- 
able agreement with experimental results could probably be achieved by the addition 
t another postulate, such as supposing that the time required to make one observa- 
tion, ôt, decreases with practice. This model is capable of generalization to more 
two alternatives, and explicit 7-choice solutions have been derived. For the 

ic idea of the model the author is indebted in part to a paper by Stone (1960). 
Wald’s sequential probability ratio test has hitherto been applied as a possible 
ision model in situations involving a series of discrete presentations of the same 

al by Swets and Green (1961), and Becker (1958) has used it in a different context 
altogether, Non-stochastic decision models have been applied to the problem of 

ee © 


» © 
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detecting sub-threshold visual and auditory signals; work in this field has been 
reviewed by Green (1960). 


LI 
CONCLUSIONS 


On the evidence presented in this paper, Information Theory, in the form of 

a constant average rate of transmission of information, without any coding delays, 

is untenable in the sort of situation studied here. It is true that £ = — Xp; log 2, is 
i 


frequently a good approximation to the time-frequency relation, but significant 
deviations from it have been obtained, and the time-frequency relation probably 
involves other factors, particularly error-rate and ratio. 

A model, based on the sequential probability ratio test for the normal distribution, 
giving a hypothetical relationship between time, frequency and errors for constant 
ratio, has been described. This model is in qualitative agreement with most of the 
facts established so far, but it has yet to survive a quantitative test. 


I am greatly indebted to Mr. D. E. Broadbent, who supervised these experiments, 
and gave much valuable help and advice at every stage in the preparation of this paper. 
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ON CHOOSING BETWEEN BETS 


SHORTER ARTICLES AND NOTES 
ON CHOOSING BETWEEN BETS 


B BY 


А . H. C. A, DALE j 
From the Medical Research Council, A pplied Psychology Research U: nit, Cambridge 
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Most attempts to account for the way persons choose between bets emphasize tke use 
which is made of information about their basic attributes, i.e. the gairfs and losses which 
might be incurred and their respective probabilities. In experimental investigations of 
betting behaviour this is usually the only information which the subjects are given 


their betting. ‹ 
METHOD 


Thirty-six subjects were run in three groups of 12 (six experimental and six controls). 
All were repeatedly forced to choose one of the three bets shown in Table І. Play points 


TABLE I 
THE THREE BETS 


a ULM 


Worst Middle Best 


Probability of success .. m Ji a] 02 0:5 0:8 
Prize v Je E du at T 7 5 «д 
Horfeit c i ША E E 5 % 
Expectation [Mean overall gain per trial] ..| —i o TI 


НЕЕ ЛАИЦИ БОШНИ MT RC CNN 


' А 
Served as currency. They sat at individual tables in four rows of three, the experimental 
Subjects being in the back two rows. Subjects recorded their choices on betting slips, 
Stamped to show their origin, which were collected on every trial. As each was collected 
the subject was told whether it had led to gain or loss. Eighty-five'trials were run 
altogether, In addition, subjects were required at intervals to rank the three bets in 
Order of worth, The complete sequence of events during the experimental session is 
Shown in the following scheme:— 


THE SEQUENCE OF EvENTS DurING EACH SESSION 
Instructions, | 
Questionnaire I: in which subjects were required to rank the bets in order of worth. 

ive Demonstration trials run without a fixed timing while the experimenter ensured 

E that instructions were understood, . А us 
Information about the outcome of previous bets provided for experimental subjects. 

enty trials at 45 sec, intervals. 
С air II: ranking of the bets. 
enty trials at sec. intervals. 
emory test: Subjects iei on their memory of the outcome of the bets they 
cie Selected, vases 
lonnair Н ionnaires I an z ў 
Tesh start: ee tle the first forty trials were given for experience and 
T that only those yet to come really counted. 
Wenty trials at 45 sec. intervals, 
westionnaire ТУ: as Questionnaires I, II and III. 
Wenty*trials recorded en bloc, * 5 
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The task was introduced as an exercise in decision taking. Care was taken to avoid 
all mention of gambling. The nature of risky decision taking was described by reference 
to the problem of timing the demolition of a bridge when retreating in battle. If it blows 
too soon friends are left behind, if too late thé enemy can cross. It was stressed that 
good performance at decision taking was to be assessed only in the long run. 

The outcome of each of the five demonstration trials was determined by drawing a 
counter at random from each of three cups containing black and white counters in 
proportions which corresponded to the probability of success for each bet. Thus on these 
trials the subjects learned the outcome of all three bets. On subsequent trials the 
prepared lists were used, though subjects were assured that the outcomes had been 
determined inthe same manner. In actual fact, the lists had been prepared from random 
number tables in such a way that during the first and second sets of 20 trials the bets 
did mot quite pay off according to expectation, whereas during the third set they concurred 
with it exactly. "Two different lists were prepared. One was given to the first and third 
groups. The other to the second. 

Information about the outcome of previous bets was shown to the experimental 
subjects by erecting a blackboard half-way down the laboratory so that it faced only 
the back two rows. It showed the gains which had accrued from each bet during a 
previous run of 40 trials. For the worst bet (р = 0-2) it showed a loss of до points: 
for the middle bet (p = 0-5), no change at all; and for the best bet (р = 0-8), a gain 
of 50 points. А 

Most trials were run at 45 sec. intervals, but the last 20 were run en bloc. Each 
subject recorded all 20 on a sheet of paper, and then all were run off together. No 
knowledge of results was obtained, therefore, between these last trials. 


RESULTS 


From Table II it can be seen that whereas during the demonstration trials, there 
was no difference between the choices made by experimental and control subjects, on 


TABLE II | 
Meaw No. CHOICES or EACH BET ом SUCCESSIVE BLOCKS ОЕ то TRIALS 

— —————————-—————_———— 
| 


The five 
demon- 
*| stration 
Block trials x 2 s 2 3 4 5 6 7 8 
Experimental 
subjects (n — 18) 
Best 45 64 | 74 | 84 | 8т 84 | 84 | 86 | 86 
Middle 48 3:2 201 16 I4 1:3 I'3 тт r2 
Worst 0-7 0:4 0:5 оо 0:5 0:3 0:3 0:3 0'2 
Control 
subjects (n — 18) 
Best 47 БВ 52055 9) 547) 15:6 i 62 1622 
Middle 43 ВЗВ eas vo ors ra 08 55 d CSS 
Worst го тт 1:6 0:8 0:9 0:6 07 0:3 ost 


subsequent trials the experimental subjects chose the most profitable bet far more fre- 
quently than did the controls. Both groups showed evidence of learning, but thé 
performance of the experimental subjects on their first ten trials was superior to that 
of the controls at the end of the session. The difference in the frequency with which they 
chose the best bet during the last 20 normal trials, i.e. blocks five and six, is highly 
significant (t = 2:7 with 34 d.f.). 

Changes in the rating of the bets are shown in Table III and the relation betwee? \ 
these ratings and performance in Table IV. í | 


ON CHOOSING BETWEEN BETS 


~ TABLE III 
THE NUMBER OF SUBJECTS WHO CORRECTLY NAMED THE Best BET 


———————— i 


Questionnaire di 2 3 4 
Experjmental subjects (n = 18) .. 9 17 16 17 
Control subjects (n = 18) 12 13 12 13 


a ————————————— 
TABLE IV 
KNOWLEDGE AND PERFORMANCE 


Questionnaire 


Best bet named: 


Correctly 


Wrongly 


Correctly 


Wrongly 


Mean number of choices of best bet* 
made by experimental subjects 
(maximum = 10) 
Mean number of choices of best bet* 


8-3 


6:4 


44 


2:8 


8-7 


T4 


3°0 


1:6 


made by control subjects 
(maximum = ro) 


———————————————————————————————————D 
* Performance on the first block of то trials is shown in relation to the ratings given 
on the first questionnaire: that on the fifth in relation to those on the third. < 


Discussion 


It is clear from Table II that the experimental subjects used the information about 
the outcome of previous bets to their advantage. Only one half of them, had been able 
to rate the bets correctly on the basis of information about their basic attriputes (see 
col. т of Table ITI) and it is likely that some of these had guessed and were therefore correct 
only through chance. Knowledge of the outcomes led them to alter their ratings and 
their choice behaviour, the two being closely linked. This strongly suggests that the 
initial response was made in ignorance and that, rather than attempt to account for a 
Subject's initial response in a betting situation by asserting that he distorts the information 
Provided and calculates subjective expectation, as many theorists attempt to do moana 
1955; Hurst and Siegel, 1956), we should accept that he is really unable “о make proper 
Use of this information. 
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THE INFLUENCE OF THE NUMBER OF ALTERNATIVES 
ON THE PERCEPTUAL RECOGNITION THRESHOLD* 


BY 


P. FRAISSE and M. BLANCHETEAU 
From the Laboratory of Experimental Psychology, Sorbonne, Paris 


& study of the recognition thresholds for nonsense syllables previously presented in 
lists Containing from 2 to 15 syllables is reported. The threshold is found to increase 
in proportion»to the logarithm of the number of alternatives (i.e. the length of the list 
from which a given test syllable is drawn). It is therefore concluded that recognition 
threshold is a function of the amount of information transmitted. 


It is easier to perceive an expected than an unexpected stimulus. 1n other 
words, an attitude congruent with an event sensitises the percipient to the event 
itself. The effects of the sensitisation are various: the most important is manifested 
in the selectivity of perception. According to our attitude, we perceive certain 
stimuli whereas others are missed or barely noticed. A preperceptive attitude can 
also affect the content of perception, yielding a compromise between what was 
given and what was anticipated. But among all these effects, there is one that is 
particularly noteworthy and which has been frequently stressed by psychophysicists. 
The absolute threshold is lower when one knows the nature of the stimulus which | 
one is about to perceive. This fact, banal in itself, has however been little studied. 
In particular, we do not really know the law that governs the level of the visual 
perception threshold in relation to increasing dispersion of subjective attitude; 
ie. when the number of alternatives which one might expect increases. True, 
Postman and Bruner (1949) showed that the minimum duration of stimulation neces- 
sary for a subject to recognize which word in a pair denoted a colour was 19r millisec. 
and that the threshold was raised to 225 millisec. if the subject’s task was to recognize 
which word in each pair denoted either a colour or an article of food; that is to say; 
the threshold was raised by 37 millisec. when the subject had to anticipate a word 
belonging not to one but to two different verbal categories. 

The studies closest to our own are those of Miller, Heise and Lichten (1951) 
These authors ascertained percentage of words recognized in relation to intensity 
of masking noise and number of alternatives given. The subject's task was (0 
recognize a partially masked word in lists of 2, 4, 8, 16, 32 or 256 monosyllables. 
The curves representing percentages of words recognized in relation to the signa- 
to-noise intensity ratio expressed in decibels were sigmoid, and it was found that the 
amount of information necessary to recognize a given item is a function of the range 
of alternatives offered to the subject. А 

Bruner, Miller and Zimmerman (1954) have studied this same problem, but? 
relation to the degree of learning of lists of 8, 16, 32 or 64 monosyllabic words. They 
found that at all stages of learning the results were affected by the number of alterna 
tives. After the first reading of the list, the recognition percentages were respectively 
2 per cent., 1:75 per cent., 0:6 per cent. and o:3 per cent., as the total was increase 
from 8 to 64 words. At the end of the training period, the percentages became 


* The Editor wishes to thank Dr. Alice Heim and Dr. Roy Davis for their valuable 
assistance in translating this paper. 
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92 per cent., 74 per cent., 64 per cent. or 50 per cent. (These percentages have been 
calculated from the raw data given by the authors.) 

It may be inferred from these studies that the greater the number of alternatives 
the higher the threshold. 


We wished to take further the systematic study of this problem and in particular 
to investigate visual recognition thresholds to determine the law relating increase 
of threshold to number of alternatives given to the subject. Our hypothesis is that 
the perceptual recognition threshold is proportional to the amount of information 
transmitted or, put another way, that the difficulty of recognizing an Жет is propro- 


tional to the amount of information contained in it. ^ 


ExPERIMENTAL METHOD d. 


It was decided to use nonsense syllables in order to exclude interference due to the 
relative frequencies of words and their availability to a given subject. Thirty three-letter 
syllables (one vowel between two consonants) were chosen having a very low co-efficient 
of association (as determined by previous unpublished work from this laboratory). From 
this series, lists of 2, 4, 7, 10 and 15 syllables were made up. The lists of 2, 4, 7 and 1o 
syllables comprised different syllables; that of 15 syllables included certain syllables 
which appeared also in the shorter lists. From oufsselection of 30 syllables, six different 
Series of lists were prepared such that each syllable was presented roughly an equal 
number of times. 

For each list, one test syllable was chosen such as that over the whole six series of 
lists, each syllable was used once and once only. A single series of lists with the five levels 
of alternatives was used for each subject. The five lists of 2, 4, 7, 10 or 15 syllables were 
presented in a different order to each subject, such that the average ranking of each list 
was the same, Finally, as a last precaution, the test syllables were never in the first 
or last position, except of course with the list of two syllables. ms 

The experiment was preceded by a preliminary practice run designed to familiarize 
the subject with tachistoscopic perception. This practice run was conducted as though 
part of the experiment proper: the subject was asked to read certain syllables, different 
from those used later, and told that he would have to recognize from among these one 
that would be shown to him in the tachistoscope, starting with a very brief exposure and 
increasing the exposure time from presentation to presentation until he recognized the 
item. A Dodge-Gerbrandt tachistoscope was used governed by an electronic timer. 
Each syllable, printed in indian ink on white bristol card, appeared in the centre of a 
rectangle 6-1 cm. wide by 5 cm. high. (The letters were 5 mm. high and the thickness 
of the lines was 0:5 mm.) : А 

The experiment proper was then begun. In the first stage, the subject was required 
to familiarize himself with the 30 syllables. Each syllable was written on a card in the 
same characters as those used later for tachistoscopic presentation. | The subject was 
asked to read the list five times, each time in a different order, with instructions to try 
to learn them by heart. The order of presentation of the syllables varied not only for 
each reading of the same subject but also as between the different subjects. 

The secon d stage of the experiment was now begun: the subject was told that from the 
total collection certain syllables had been chosen, e.g. four if one begun with the list of 
Jour. From these four, he would be shown one and one only until he recognized it. 
Exposure ti me began at 6 millisec. and lengthened by intervals increasing in geometrical 
Progression in the ratio 1:2. Between each tentative identification, і.е, between Eur 
Presentatio n, the subject re-read aloud the list of chosen syllables (e.g. fourin the n А 
we have given). The subjects were 36 first-year psychology students. For eac E 
9f alternatives we calculated the mean and the standard deviation of the 36 thresholds 


us determined. 
RESULTS 


„Тһе main results are given in Table I. In Figure т, the mean threshold of recog- 
nition times. shown in this Tablé are plotted against the logarithm of the number 
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of alternatives. It seems legitimate, at first sight, to treat the regression liné as 
a straight line, this interpretation being justified by the analysis given in Table II. 


FIGURE 1 
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TABLE I 
Morir M oe Ue a ШЫ he ын ee ксы NO DE ee 
Number of alternatives .. ne 2 | 4 | 5 то 15 
Mean threshold of recognition ..| 12:9 | I4 | 14:8 I5:0 15:4 , 
Standard deviation e ex 2:6 | 2:6 | 3:3 373, 27 
TABLE IT 
Ц Source d.f. MS F 
Between subjects .. Ba 35 47:03 I3:1p < oor 
Between alternatives a? 4 33°59 9'35 Ë < осот 
Linear regression* n І 126:80 353p «oor 
Other regression .. FE 3 2:53 0:7 
Residual .. 37 fs 140 3:59 — 


* Calculated between thresholds and logarithm of number of alternátives. 


It is thus plain that the threshold increased in proportion to the logarithm of 
the number of alternatives; that is, in accordance with Shannon's definition, as 2 
function of the amount of information transmitted (Shannon, 1948). 

Frick (1953) has established a comparable law, not for recognition thresholds, 
but for the time required to name a word. He was able to show a linear relatio? 
between increase in verbal reaction time and the logarithm of the number of wore? | 
comprising the “ensemble size” from which the word to be recognized had been 


— 
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drawn (the numbers varied from 4 to 24). At the same time, these two results are 
not identical as one does not yet know the exact law relating the threshold of 
recognition to the verbal reaction time. « 

It is interesting to establish, however, that the influence of the number of 
alternatives appears to obey the same law in the case of both these types of perception. 
This propórtion between the threshold of perception and the logarithm of the number 
of alternatives probably holds when there are a large number of alternatives. But 
one might ask, as has Bruner (1957, p. 136), if the same law would apply to the case 
where the number of alternatives is smaller than that of the span of apprehension 
and to the case where it is greater. In the case of 2, 4 and indeed 7 syllables, the 
subject might at the moment at which the stimulation occurs have all the alternatives 
simultaneously in consciousness, although even if the subject could have learnt the 
list by heart (which is practically impossible), one could not say that all the alterna- 
tives were simultaneously in consciousness. Such a difference in the availability 
of the alternatives could have strikingly decreased the threshold in cases in which 
the number of alternatives was fewer than 7. Our results render such an hypothesis 
improbable. The amount of information transmitted is the«sole determining factor 
and upon this the availability of perceptual schemata directly depends. 
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PROCEEDINGS ,OF THE 
EXPERIMENTAL PSYCHOLOGY SOCIETY, 1961 


12th-14th April, 1961. Extended meeting at Cambridge. 

1st Session: “Illusions and constancy,” by К. L. Gregory and C. D. Shopland. “‘Studies 
in concept identification," by E. J. Archer. “Binocular cues," by S. Papert. “‘The 

* psychophysical law," by M. Treisman. 

2nd Session: ''Simultaneous brightness contrast," by Lord Burgh (by invitation). ‘Effects 
of age and experience on taste discrimination in the great tit," by M. Vince. Three 
short papers on stabilized retinal images by H. Barlow, G. Brindley and F. Campbell. 

3rd Session: “Integration time and difficulty of discrimination," by I. Hughes (by invita- 
tion)  ''Individual differences in performance after loss of sleep," by D. Corcoran 
(by invitation). 

4th Session: “Тһе use of perimetry with monkeys in investigating the effects of brain 
lesions on visual behaviour," by A. Cowey (by invitation). “Тһе physical measure- 
ment of human rhodopsin and its relation to dark adaptation," by W. A. H. Rushton 
(by invitation). 

' sth Session: “Тһе two-colour threshold as a measure of normal versus defective colour 
vision," by R. M. Boynton. ‘‘Land colours, simultaneous contrast and colour theory," 
by C. E. M. Hansel (by invitation). 

5th-6th July, 1961. Extended meeting at Oxford. 

Ist Session: “Games theory and reaction times," by J. Annett. “Ап experiment in 
phonetic symbolism in Tanganyika,” by R. Davis. 

2nd Séssion: “Binocular rivalry and stereoscopic depth perception," by A. Treisman. 
“Ап experimental investigation into nominal dysphasia," by M. Williams and С. 
Rochford (by invitation). “Attention; some theoretical aspects," by J. A. Deutsch. 

3rd Session: “Two origins of achievement motivation," by J. M. Argyle (by invitation). 
“Drive studies with intraventricular injections," by J. Herberg (by invitation). 
“Timing eyé and hand movements," by E. R. F. W. Crossman and G. R. Bunting. 

4th Session: "Warning intensity and threshold change," by M. Treisman. ‘The verbal 
and non-verbal abilities of children with unilateral electroencephalgraphic foci," 
by M. Annett (by invitation). 

3rd-5th January, 1962. 14th Annual General Meeting at Birkbeck College, London. 


ist Session: “The masking of a brief visual stimulus by a random pattern," by M. Kins- 
bourne and E. K. Warrington. ‘‘Visual ‘noise’ as a tool of perceptual research," by 
D. M. MacKay. ''Guesses-to-recognize and guesses-to-recall,” by J. Brown. “Тһе 
influence of rate, vocabulary size and a supplementary task on the generation of 
random letter sequences," by A. Baddeley (by invitation). 

2nd Session: “Factors affecting the duration of a short period spent in isolation," by 
К. C. В. Aitken and J. L. Gedye (by invitation). 

3rd Session: “Stabilizing the retinal image," by C. Evans (by invitation), ''Changes in 
arousal with stimulation," by P. Venables. “Stress, arousal and decision," by 
D. E. Broadbent. 


4th Session: "Awareness of errors in immediate memory,” by J. S. Wilfred (by invitation). 
“Drug-induced changes in motor skill and the perception of hand position," by D. 


Legge (by invitation). ‘Discrimination without awareness," by N. Dixon and 
A. Worthington. 3 

5th Session: “Localization of a memory trace in one cortical hemisphere and transfer t0 
the other hemisphere,” by I. Russell (by invitation). 


Committee, 1962: President: Professor H. Kay. 
Editor: Professor O. L. Zangwill. 
Ordinary Members of Committee: Dr. К. J. Audley (Hon. Secretary); 
Dr. J. Brown, Dr. К. Davis, Dr. R, Harper, Dr. C. Poulton, Dr 
J. Symonds, Dr. J. Szafran (Hon. Treasurer), Dr. M. Treisman, 
» Dr. P. Venables (Asst. Hon. Secretary). 


PROCEEDINGS OF EXPERIMENTAL PSYCHOLOGY SOCIETY b im 


The following have been elected into membership of the Society: 


P. Bakan, Ph.D., Department of Psychology, Michigan State University, U.S.A. 

E. Belbin, Ph.D., Department of Psychology, University College, Gower Street, 
London, W.C.1. 

J. L. Gedye, M.B., B.Ch., R.A.F. Institute of Aviation Medicine, Farnborough, 
Hants. 

R. A.*M. Gregson, Ph.D., 26 Thurlestone Avenue, London, N.12. £ 

D. M. Holding, Ph.D., Department of Psychology, The University, Leeds, 2. 

H. Ikeda, Ph.D., Department of Psychology, Maudsley Hospital, Denmark Hill, 
London, S.E.5. 

I. Oswald, M.D., Department of Psychological Medicine, The University, Edinburgh. 

W. A. H. Rushton, F.R.S., Physiological Laboratory, Downing Street, Cambridge. 

W. Sluckin, Ph.D., Department of Psychology, The University, Leicester. ®© 

J. R. Smythies, M.D., Department of Psychological Medicine, The University, 
Edinburgh. e о 

A. C. Staniland, Ph.D., Psychological Laboratory, Gandy Street, Exeter. 

K. P. Watts, Psychological Laboratory, Downing Street, Cambridge. 

M. Williams, D.Phil., Littlemore Hospital, Littlemore, Oxford. 


Visiting Foreign Member: 


Dr. S. Chorover, National Hospital, Queen Square, London, W.C.1. 
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BOOK REVIEWS 


Annual Review of Psychology, Volume 12. Edited by P. R. Farnsworth, O. McNemar 
and О. McNemar. Annual Reviews, Inc., Palo Alto, California. 196r. Pp. 533. 
7.50. ® 

Two years ago Sutherland found that the area in which Steady progress had been most 
apparent was that of physiological psychology. This "trend seems to have continued, 
although there is still no major breakthrough. (It is, indeed, difficult to see what could 
count as a major breakthrough in physiological psychology. Now that the nature of 
the nervous impulse is known, and the mapping of the functional anatomy of the nervous 
system, is in full swing, about the only outstanding problem would seem to be tlle dis- 
covety of the nature of the changes in neurones which corresponds to learning.) The 
development’ which seems particularly noteworthy is the increase in our understanding 
of the functions of the different levels of the afferent pathways, and the distribution of 
the various aspects of the encoding of information as shared among them. It is interesting 
to recall that only 8 years ago the writer was still being taught that the cortex was the 
functional and anatomical "centre" of the sensory system, and the afferent pathways 
merely conveyed information to the cortex. 

A welcome trend in neighbouring fields is attention to what we might call “cross- 
cultural" studies in comparative psychology: that is, studies are beginning to relate 
behaviour to morphology and natural history, and not regard comparative psychology 
merely as the descriptive comparison of the abilities of different species. If comparative 
psychology has any meaning, its task should surely be to relate the evolution of behaviour 
patterns to the evolution of the physical form of organisms, and thus should be much 
more closely tied in with genetics and the biological sciences other than physiology. 
For far too long the maintenance of the bridge has been left to the ethologists alone. 
The time would seem ripe for a considerable expansion of interdisciplinary work on the 
relation of behaviour to survival value and speciation. (It seems a pity, e.g. that an 
investigation into the effects of dietary deficiency during pregnancy in rats used no more 
relevant task for the offspring than to run mazes.) 

, Unnecessary jargon is still apparent in these fields: "auditory" may be a defensible 

adjective, but “audition,” and above all "'olfaction" and ''gustation" are not merely 
clumsy but lacking in taste. 
. How much notice of comments is taken by those compiling subsequent reviews it 
is hard to say, but whether or not due to the attack delivered last year in this J омуна, 
there are signs that the fog of jargon is beginning to lift, and it is becoming possible to 
understánd easily quite a lot even in those fields about which the reader has no expert 
knowledge; which is as it should be in such a publication. Indeed, one article, that by 
Boilideau and Boilideau on motor skills, is a positive joy to read, and even includes a list 
of “nominations for raspberries in the annual rewards programme." Too often objectivity 
in scientific writing is taken to be equivalent to drabness of language: it is a pleasure to 
find an exception. 

It is perhaps worth considering possible reasons why the fields of social and personality 
psychology should be less satisfactory. Even leaving out of account these developments 
in technique so unusual as to be alarming (there is one in particular which appears to 
involve two psychiatrists talking out their troubles while the patient listens!) there remains 
what seems to be a desperate desire to be “scientific,” together with a certain naivete. 
For example, violations of the “sure-thing’’ principle in decision theory are not all that, 
surprising when one recognizes that even success can become a bore if continued fot 
a sufficient time and if the outcome is certain. As an example of misdirected scientific 
objectivity, Stevens’ experiment on the value of money, claiming to have found a power 
law relation between its worth to the subject and its numerical value, seems fully to merit 
the comment of the reviewer that, “it would require a lot of evidence to convince many 
researchers that subjects, asked how much money is half as desirable as $10, woul 
systematically answer something different from $5." This underlies the point made 
by another reviewer that while it is quite legitimate to look for lawful relations in socia 

psychology, social perception should not be treated as a kind of psychophysics of social 
objects, but in terms of individual differences. 

A further point which all too often goes unnoticed in studies in these fields is the 
dependence of social behaviour on cultural patterns. No doubt if any worker were 
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taxed directly with this point he would admit its importance, but there is all too often 
in practice what amounts to a complete insularity of outlook. The result is to enunciate 
generalizations which are almost certainly unjustified. И the aim of psychologists is 
to produce theories applicable in the main only to their own culture, well and good. 
But a claim by a reviewer that certain work shows that as they grow up girls tend to 
become more masculine while boys become less feminine smacks of a highly culturally 
determined study, and some indication should be given in the review as to the extent 
of generalization which is intended. If, on the other hand, laws are being sought which 
are Valid even for statements ‘about different cultures, then cross-cultural data are 
absolutely essential. A start on these lines is indicated in the work of Mohanna and 
Argyle on the effect of communication patterns in groups in Cairo and Oxford, and the 
reviewer connects these with American studies. 

This brings up a major source of worry, about the Annual Reviews, and also About 
the development of psychology as a whole. There are many practical difficulties about 
organizing cross-cultural studies, but there should be less difficulty abowt the cross- 
cultural transmission of information. But unless there is a fashionable trend (as, for 
example, Russian work at the present time), the references to literature in languages 
other than English is vanishingly small. In a total of 300 entries in the bibliographies 
of six sections of the Annual Review, picked at random, there were only two references 
to articles not written in English (excepting Russian). I just,do not believe that all 
work published in foreign languages is that bad. The only alternative is that a lot of 
this work is not being read for the preparation of the Annual Review. 

Now it is true that it is becoming increasingly difficult to keep up with the mass of 
fesearch literature. A colleague recently remarked with some justification that unless 
something is done it will soon be quicker to do any experiment than to try to discover 
Whether it has been done by someone else. But it is precisely because of this problem 
that the Annual Review is so important. It is upon its reviewers that we are forced to 
rely to a large extent to keep us informed of what other people are doing. At the moment 
while trying nobly it seems not to be succeeding. And it is vital that it should. I believe 
that the reviewers have to acquire the journals that they need for themselves, without 
help from the publishers. Tf this is true, it should be altered—even to the extent of having 
a translation service of some kind provided. 

Further, what should be the strategy of research and publication ? As'long asa man's 
Worth is measured by the physical weight of his research publications, the sitflation will 
worsen. The signs suggest that this size-value illusion is one that increases with pro- 
longed experience of it, The summaries of several sections of the Review bear witness 
to the fact that people are worried. Irwin's concluding remarks are particularly good 
on the unnecessary invention of new techniques for their own sake (or, one suspects, od 
the sake of increased status for the inventor). Similarly, Taylor and Nevis remark ©: 
the proliferation of new tests in personnel selection that, "too many umtested tests are 
too readily available to too many unqualified testers.” F — 
,, Several things would seem to be true. Firstly, too many workers are more interes ч 
In producing new gadgets or tests than in modifying those which have been tried 9 
found to be fairly successful. Secondly, there is far too much publication of piecemea 
Tesearch. It seems to the writer that nothing can save us from being lost in the rising 
flood of publications except a willingness to publish a collected series of results from A: 
to time rather than a vast number of individual short papers. Lastly, there is the Lage 
problem of research strategy. As Shaw puts it in his review of Group Dynamics: xe i 
is distressing to note a tendency to ignore much of the literature relevant to the pro E 

*stnder consideration. . . . Authors all too often refer only to studies conducted in their 
9wn laboratories, and occasionally to those from one or two other DEF M Te 
Whatever the reasons, this i$ a disturbing trend which one can only hope will soon 

ў Thi ains t to which action must be taken very soon if it is to 

is warning i ith respect to which acti Utt ү Н А 

bé Successful, She trouble is that thé present incontinence of publication is tied up 
With professional r tability and academic status. к 

ТР епа оп a brighter note, itis very pleasant to see the appearance of two new Monde 
91 Behavioural Decision Theory and Aesthetics a$ the first fruits of the recent ARS edi 
ji Policy by the editors. An occasional review on Cybernetics should be included from 
timè to time, since the work in that field has interesting logical implications as well as 
Ielevante to fheory construction ard the analysis of the mechanisms underlying behaviour. 

n the meantime, the chapters on Behavioural Decision Theory and Aesthetics are both 
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very welcome, even if one is a little inclined to comment on the latter in the words of 
Hodgson that, 
“Reason has moons but moons not hers 
Lie mirrored on het sea; 
Confounding her astronomers 
But oh! delighting me.” NEVILLE Moray. 


Handbook of Physiology. Section 1: Neurophysiology. Volumes 2 and 3. Editor-in- 
Chief; John Field. Section Editor: H. W. Magoun. Executive Editor: Victor 
E. Hall. American Physiological Society (Sole Agents: The Williams and Wilkins 
Co. Baltimore). 1960. Vol. 2: pp. 781-1438; Vol. 3: рр. 1440-1968 + Subject 
Index Vols. 1-3, pp. 1969-2013. Each volume $20. 

Tie first volume of this noteworthy Handbook was reviewed in this Journal, 1960, 
12, p ror. The second volume is devoted to motor mechanisms (17 chapters), introduced 
by Dr. D. Denny-Brown, and central regulatory activities (eight chapters), introduced by 
Professor F. Bremer. Among chapters of special interest to experimental psychologists 
are those on cerebral control of eye movements (Whitteridge), regulation of feeding and 
drinking (Brobeck) and the reticular formulation (French). Although the distribution 
of emphasis is a little uneven, this volume keeps up well the high standard of its pre- 
decessor. The third volume is concerned: first, with the neurophysiological basis of the 
higher functions of the nervous system (roughly, physiological psychology) and contains 
хо chapters, with a short introduction by Dr. W. Penfield; secondly, with the cerebral 
circulation and intracranial fluids (two chapters, with introduction by Dr. C. F. Schmidt); 
and thirdly, with neural metabolism and function (seven chapters, with introduction by 
Sir Rudolph Peters). Dr. R. W. Gerard contributes a final chapter on Neurophysiology: 
An Integration, in which he makes interesting reference to the possibility of translating 
into neurophysiological terms models derived from purely psychological studies and 
expressed in the language of information flow. 

The large section on physiological psychology contains chapters on sensory discrimina- 
tion (Neff), learning (Galambos and Morgan), drive and motivation (Stellar), emotional 
behaviour (Brady), perception (Teuber), attention, consciousness and sleep (Lindsley), 
thinking and memory (Halstead), skilled movement (Paillard) and speech (Zangwill). 
It thus provides an up to date review of the more important modern work bearing on 
these varicus topics—and of some of the older worktoo. The emphasis varies from mainly 
neurophysiological (Lindsley) to mainly psychological (Teuber). То the present reviewer, 
the inclusion of topics such as these in a book such as this is welcome evidence that the 
analysis of behaviour is now being taken seriously as a method in neurophysiology— 
indeed, we may even be entering the era of psychological physiology! At the same time, 
certain Öf the psychological chapters might have gained from an attempt to cover less 
ground and to fogus on the contribution of psychology to physiology rather than vice versa. 

As in the first volume, one must again deplore the paucity of reference to studies 
emanating from the Soviet Union. Although Galambos and Morgan deal seriously and 
at some length with Russian work, a chapter on conditioned reflexes by one of the more 
responsible Russian neurophysiologists would have filled an obvious gap. None the less, 
Dr. Magoun and his contributors will long stand in the debt of all serious students of the 
nervous system and merit warm congratulation on the high standard of their enterprise. 

O. L. ZANGWILL. 


An Introduction to Experimental Design. By W. S. Ray. The Macmillan Company, 
New York and London. тобо. Pp. x + 254. 45s. 6d. 


This book gives an account of the simpler forms of experimental design which could 
be understood by any experimenter, however little mathematical knowledge he mig 
have; a series of imaginary experiments, with simple numerical results, is used to demon- 
strate the uses of replication, analysis of variance and covariance, matching and factor 
designs. The assumptions made in using significance tests for the variance cases are 
stated and the author makes sensible remarks about the need for randomization and the 
ways in which fallacious matching may occur. It would have been helpful, however 
if.he had indicated the amount of previous statistical knowledge that he required of l 
readers. A somewhat longwinded explanation of the use of sigma for summation 
is given in Chapter 4, yet Chapter 5, on random variation, would be incomprehenst 8 
to anyone not already familiar with the usual statistical methods and these could hardly 
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avoid knowing about summation notation; the F-ratio is awarded some cursory remarks, 
‘the chi-square distribution is introduced into later arguments without any explanation 
of what itis. There is no explicit defxpition of either an observed or a theoretical distri- 
bution. Parameters (see page 41) are usuaily defined to be constants which occur in the 
— —specification of a theoretical distribution; the definition given here implies that there is 
aninfinite number of them for each distribution. Placing à larger variance over a smaller 
will inevitably give a ratio greater than 1; the reason given for halving the probability 
values (page 58) could thus hardly be understood by anyone meeting it for the first time. 
Zhroughout the book the statistical discussion is at a much more sophisticated level 
than is the explanation of the experimental designs. A newcomer to statistics would 
need to make use of some simpler book on elementary statistical methods. Nevertheless, 
he should find this introduction extremely useful in some ways. Although the book is 
aimed at psychologists, there is nothing specifically psychological about the comtents, 
apart from the terms in which the experiments are described, and students in other fields 
may find it valuable, with the same reservations. VR. Сл. 


The Informed Heart: The Human Condition in Modern Mass Society. By Bruno Bettel- 
heim. London. Thames and Hudson, 1961. Pp. viii + 309. 35s. net. 
* The author of this book was trained as a psychoanalyst in Vienna and spent a year in 
Dachau and Buchenwald shortly before the last war. His experiences led him to write 
а remarkable article on human behaviour in the concentration cámps which was published 
in the Journal of Abnormai and Social Psychology in 1943; this article, considerably 
expanded, forms the core of the present book. Dr. Bettelheim has also some interesting 
things to say on the limitations of psychoanalysis as a social philosophy. Although not 
“very well written, this is a frighteningly honest book and should be widely read. 
О. І. ZANGWILL. 
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Van Nostrand Insight Books. No.2. Instinct. Рр. ix + 181. No. 3. Reinfofcement, 
Pp. viii + 230. No. 4. Color Vision. Pp. viii + 214. Edited by Robert C. 
Birney and Richard C. Teevan. London. D. Van Nostrand Co. Ltd. 1961. 
Each 115. 6d. T . 

This is a new series of American psychological paperbacks under the general editorship 
of D. C. McClelland. The three volumes under review, which have been edited by R. © 

Birney and R. C. Teevan, are each intended to present a particular problem ef enduring 

interest in terms of selected original articles arranged in historical sequence. As everyone 

who has tried to do something of the kind knows, this is an extraordinarily difficult thing 
-to do, calling as it does for both scientific and historical judgement of a high order. 

Obviously, too, the success achieved will depend largely on the topic and on the degree 

of continuity manifest in its history. So far as the present trio go, colour?vision is 

evidently in the strongest position and here the editors have produced an admirable 

volume. From Young through Helmholtz and Hering to Hecht, Granit, Willmer and 

Land, there has been real continuity in subject-matter, experimental method and level 

of discussion in spite of passionate differences in theoretical conviction. Instinct, on the 

other hand, scarcely lends itself to such historical compression. The idea has multiple 

. Toots in mental philosophy as well as in biology and multiple manifestations in psycho- 
l logical theory. Here, the line followed is roughly that from James through the Behaviour- 
* 


ists to the Ethologists (though surprisingly there is nothing from Thorndike) with exclu- 
- Sion of other Bos fon pars such as that from Darwin to McDougall SE reud. 
Although the present selection is not at all bad, T on certainly not be regarded as an 
* » adequate historical presentation of the instinct problem. f 3 
j And what are x to say of Reinforcement ? This is an All-American Special ced 
_ to post-Thorndike behaviour theory; and it is a little odd, incidently, to find a wor! 
bearing this title described as an “Insight Book." There are selections from du Bowes 
and Tolman, and extracts from a number of recent experimental reports whic! r ба 
: drive reduction" and kindred issues, among them Olds and inue» paper on intracrani 
 "selt-stimulation". Several of Dr. Neal Miller's papers are reprinted. 
, Although the standard of these volumes is quite high, it is a little difficult to see why 
it should be thought so necessary to serve students with old wine in new bottles (or should 
One say new cartons?). Most of the papers and extracts reprinted in this series се 
Г readily accessible, provided only that the student has the initiative to withdraw a pei 
o "зите (other than the current issue) from the library shelf. Is this EE и a 
.. & University education? . L. ZANGWILL. 
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Pain: by Е. J. J. Buytendijk. London. Hutchinson. 1961. Рр. 19d. 255. 


To the experimental psychologist or physiologist, much of this book is likely to be 
irrelevant. It was first published in Dutch inyr1943, and the considerable amount of 
scientific and medical work on pain that has been published in the following years is 
covered in an Annexe of eight pages. It has no claims, therefore, as a work of reference 
and in this brief attempt at up-to-dateness it is necessarily selective, as in paying only 
scant attention to the work of Hardy, Wolff, and Goodell, and in ignoring the admittedly 
controversial studies of Weddell and his co-workers. 

The specialist will already be familiar with Beechers very comprehensive review on 
“The Measurement of Pain" (1957), which covers 687 references, not 687 pages as stated 
in the Annexe. » Both the specialist and the nonspecialist experimenter, or clinical worker, 
may find that the labour of following the philosophical viewpoints of such writers as L. 


Klages is not rewarded by the psychological outcome, namely that “. .. pain appears 
always in a certain context that determines the significance of the subjective experience." 
Ў K RL НАШЕ 
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Selected Readings on the Learning Process. Edited by Theodore L. Harris and Wilson 
E. Schwahn. London. Oxford University Press. 196r. Рр. xi-+ 428. 285. 


This is a collection of papers on human learning, designed to supplement textbooks of 
Educational Psychology, The Editors argue that reading reports of actual experiments 
will help to give meaning to “the typical generalized text approach." This is surely 
true and such a book should therefore serve a wholly admirable function. 

There are three parts. In the first there are a few attempts to define learning and to 
describe it in general terms; this is mercifully short. Next, there are a number of papers 
dealing with particular kinds of learning; there is a chapter called “Conceptual Learning," 
which includes Hull's "The Evolution of Concepts"; and another on "Skill Learning," 
which includes Book's experiments on typewriting. The third part deals with the in- 
fluence of various factors upon learning; motivation, maturation, presentation of material, 
etc.; one chapter includes a short article by Piaget, which makes an admirable introduction 
to his work. 

The actual selection will meet its purpose if it appropriately parallels the textbooks; 
this it no doubt does, since most of the articles are well known. But editors have other 
responsibilities; and one of them, in a book of limited size like this, is abridging; this they 
do rather;crudely. Everything is abridged; even the short article by Piaget is made 
shorter. And often they omit parts so arbitrarily that it is difficult to make sense of what 
isleft. For instance, in Hull's original monograph he tells us what the main measure of 
concept formation,is to be and then continues ''In addition there were three supplemen- 
tary measures...." In this book the main measure appears two pages after the supple- 
mentary measures, and “in addition" refers back to a description of the apparatus. 
This is seriously incompetent, but worse, although we are told that the experiment is to 
investigate the efficiency of proceeding from simple to complex as against complex to 
simple, the vital section explaining the nature of the complexity is left out. The one 
redeeming feature is that, in their confusion, students will be forced to refer to the original. 

The Editors assume the further responsibility of writing introductions to the various 
sections. They begin by explaining that the book is not just about learning, but about 
the learning process, which is to be distinguished from the learning product (i.e. what 15 
learned). But in the present context “learning,” unlike “painting,” is not ambiguous; 
presumably the opportunity for drawing a scientific distinction is not to be missed. 
Later, they go on about the supposed benefit to teachers of understanding ''the pattern 
and sequence of change in behaviour and the functional concepts which illuminate key, 
aspects of behavioural change.’’ No doubt whatever is meant is important; but it is also 
important to realize (which the Editors don’t appear to) that most of the experiments 10 
this book will be of little help to an intelligent teacher. For the principles that are 
suggested, are already suggested by common sense, and their practicability can опу Рё 
determined in the classroom, 

. The prose condemns itself: “Indeed, if the work of the teacher is to be effective, the 
importance of a high degree of professional competence in evaluating those aspects of the 
learning process which determine success or failure in learning cannot be underestimated. 
Communication is at such а low ebb that it hardly seems to matter that this is a contra- 
diction and the opposite of what was intended. 

But all this can be ignored; most of the articles are,important, and, though careles9ly 
abridged, it is useful to have them so readily available. 

А. W. STILL 
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NEW JOURNALS 


Medicine, "Science and the Law. Vol т, Pt. 2, 1961. Edited by Francis E. Camps. 
Official Journal of the British Academy of Forensic Sciences. Published by Sweet 
& Maxwell, Ltd., New Fetter Lane, London, E.C.4. Annual Subscription £3 3s. 
Each part 17s. 6d. 

Darshana: An International Quarterly of Philosophy, Psychology, Psychical Research, 
Religion, Mysticism and Sociology. Editor: J. P. Atreya. Published in Moradabad 
(Idia). Annual Subscription Хт: . i 

Journal of Psychiatric Research. Vol. т, No. 1, Oct., 1961. Editor-in-Chief: Séymour 
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А TEST OF TWO THEORIES OF SHAPE DISCRIMINATION 
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An experiment is reported which confirms a prediction from the writer's theory of 
shape recognition. The same experiment is held to refute an alternative theory, but this 
refutation is not conclusive, since the alternative theory has not been clearly stated and 
сап be interpreted in several conflicting ways. It is shown that these possible interpreta- 
Finn the alternative theory all yield predictions which are not confirmed by the present 

gs. 


INTRODUCTION 


In a recent evaluation of theories of shape discrimination, Sutherland (19605) 
examined his own quite extensive findings on Octopus in relation to three theories. 
The theories are: A, his own theory (Sutherland, 1957); B, a recent theory of Deutsch's 

- (1960); and C, a theory of the writer's (Dodwell, 1957). It has been shown elsewhere 
well, 1961 b) that the evaluation is faulty, and that in fact the evidence does not 
Support theory A as unequivocally as Sutherland maintains. One of'his findings is 
considered crucial evidence against theory C, namely the fact that the Octopus can 
discriminate between a diamond and an obligue rectangle. However, inspection of 
Sutherland's figures and the reported dimensions (Sutherland, 1960 4) shows that the 
iscrimination could have been based on a difference in brightness for the two shapes, 
since the difference in their areas is 25 per cent. of the area of the smaller of them. 
is interpretation is plausible because Sutherland used filled-in (surface) shapes and 
not outlined (contour) shapes. Although subsequent transfer tests showed that 
rimination was not based solely on the brightness difference, this evidence cannot 
be taken as clear disproof of theory C, since the distribution of contours is not the 
only available basis for discrimination. 
, n order to obtain some clear evidence in favour of either one or the other theory, 
It would be desirable to find two pairs of shapes, such that one pair would be readily 
iminable according to theory C, and indiscriminable or nearly indiscriminable 
According to theory A, the other pair being discriminable on A but not on C. Tobe 
а good test, either pair should be indiscriminable in terms of overall brightness, Or 
brightness distribution (cf. Dodwell, 1957). Two pairs of shapes with the required 
Properties were devised, and are shown in Figure 1, together with the outputs for 
ory A and theory C. The theory A outputs are obtained by summating surface 
extent horizontally and vertically; for example, in shape @ the horizontal surface 
Extent is everywhere the same, but the vertical surface extent is doubled where the 
© groups of three rectangles overlap (see Sutherland (1957) for details). Theory С 
Outputs are obtained by counting the extent of contours in horizontal and vertica, 
ctions: the outputs show, on the ordinate amplitude of discharge, on the abscissal 
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the time at which the discharge occurs. For a discussion of how tlie amplitude and 


latency are calculated, see Dodwell (1957); they depend on the number of contours 
intersecting a horizontal or vertical line drawn at any given position on a shape. 
For example, in the horizontal output for shape c (theory С) there is a large discharge 
with small latency, followed by a small discharge with large latency. This is so 
because, over all of the shape except the horizontal “centre line," there are just four 
contours on any horizontal line (a ruler placed horizontally over the shape will 
intersect four contours), but at the centre line theré is a single horizontal contour 
extending across the whole shape. On the other hand the horizontal output for d 
consists of a single large discharge, with twice the latency of the corresponding 
discharge for c, since any and every horizontal line drawn across the shape will 
intetsect eight contours. Theory A predicts that*the pair а, b, should be readily 
discriminable, since the vertical outputs differ. Theory C, on the other hand, 
predicts that the pair should only be discriminable with difficulty, since the outputs 
for the pair are quite similar, except for the additional discharge in the vertical output 
for a. Theory C predicts that c and d should be easier to discriminate since, apart 
from an additional discharge in the horizontal output for c, the amplitudes of the 
corresponding discharges differ, as do their latencies. For instance the latency for 
d (horizontal) is twice that for c (horizontal). Whilst the latencies for the principal 
vertical discharges are the same (since a vertical line would intersect just two contours 
at each point on each figure) their amplitudes differ. Theory A predicts that the 
pair c, d, should be more difficult to discriminate than the pair a, b, because of the 
overall similarity of the outputs for c, d (see, however, Discussion below). 


FIGURE 1 


. Shape Theory A Theory C 
Horizontal Vertical Horizontal Vertical 


E 
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The shapes used in the experiment, and the outputs for these shapes in theory A. (Suther 
Ы land's) and theory С (Dodwell's). B 


TWO THEORIES OF SHAPE DISCRIMINATION , éy 


EXPERIMENT 


assess the relative difficulty for thè rat of discriminating between the pairs of shapes 
in Figure 1. 


Л modified form of Lashley jumping stand was used, as previously described (Dodwell, 
7). The shapes were cut out of white paper and pasted on to matt black cards. The 
horizontal extent of any shipe was not greater than 2} in., the vertical extent not 
than 2 in. - 


The subjects were eight male hooded rats of the Long-Evans strain, all approxinfately 
ths old at the start of the experiment. They were maintained on a water deprivation 
, having access to water for 4 hr. each day, and being run aftereapproximately 
deprivation. The schedule had been in operation for about 3 months before the 
xperiment began. During that time the rats had been taught various discriminations; 
brightness discrimination without orientation or shape cues (Dodwell, 1960), then 
ination between horizontal and vertical striations, followed by discrimination of 
is simple geometric shapes. А 


j subjects were divided into two groups of four, matched on the basis of their 
ormance on the original brightness discrimination. Group I was trained on discrimi- 
on of the pair of shapes, a, b, in Figure т, group II was trained on the pair c, d. No 
which had previously been trained with horizontal striations positive were put in 
II. The reason for this was that c contains a horizontal contour as one of its “dis- 
tive" features for theory C, so that responding to c could be a matter of straigh 

er for rats previously trained with horizontal striations positive (Dodwell, 1957). 
up I contained rats which had previously been trained on either horizontal or vertical 
and there was no difference between the performance of the subjects with the 
erent antecedent conditions. Each subject was run for 25 days, 10 trials a day, 
the numbers of correct and incorrect jumps recorded, g 


each point is the average of 20 scores. Table I gives a trend analysis based on the 
ета of correct responses) for each rat for each day, following the pfocedure 
ibed by Edwards (1960). The F ratio for conditions shows that the overall superi- 


TABLE I 
ANALYSIS OF LEARNING SCORES 


Sources SS DF 


(Subjects) ..| (68:3) (7) 
Conditions ..| 50 І 
Residual (а) 18:3 6 
Trials .. val!) 86 24 
(Sx T) 664) | (x68) 
Cox dae 35:7 24 
Residual (b) | 32977 144 
Total .. БУ 5267 199 
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Proportions of correct jumps for rats trained on the shapes a and b of Figure 1 (group I) 
and those trained on shapes c and d of Figure т (group П). Each point represents the 
average of four rats for 5 days: the chance expectancy is 20 correct. 


DISCUSSION 


The results support theory C, since it was predicted that group II should dis- 
criminate better than group I. The analysis of variance indicates that there is not 
a significant increase in the number of correct choices with increased training, although 
the F ratio approaches the value required at the 5 per cent. confidence point. Thisis 
no doubt due to the fact that both groups showed some initial preference for their 
positive shapes, and this tendency decreased over the first few days (Fig. 2). The 
fact that there was some initial preference for the positive shapes suggests that the 
rats may have been transferring from previously learned discriminations. It is 
unlikely that this was so, for two reasons: (i) it has been found that there is generally 
a tendency for transfer effects to increase over the first 50 trials or so (Dodwell, 
1960, 1961 a) aiid the initial preferences observed in the present experiment decreased; 
(ii) on either theory it would be expected that group II (all pretrained with horizontal 
striations negative) might have some tendency to treat c as a negative shape, although 
the reasons for this are quite different in the two theories. 

Inspection of the outputs in Figure 1 seems to show that the outputs for б, d, 
differ quite as much as they do for a, b, on theory А, so that it might be argued that 
the prediction made from theory A is incorrect. This argument could only be 
sustained were it possible to state exactly how the outputs for theory A аге analysed, F: 
compared or “recognized,” but it is not possible to do this. Two suggestions havt 
been made about the analysis of outputs for theory A: (i) that the analyser would 
“|, analyse and compare the size of outputs from points on rows and columns 
(Sutherland, 1957): (ii) that the analysis “. .. may take the form of an analysis 0 
the rates of change of firing in the neurons whose firing pattern represents the 
horizontal and vertical projections of the original shapes" (Sutherland, 1958 0): 
It is clear from the way outputs are computed in theory A that the “sizes” (tot 
amounts) of the horizontal and vertical outputs for any shape are always the same 
since either output is an analogue of the area of the associated shape. Sutherlan 
evidently intends the analysis to be based on the maximum height of the outputs 
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since he states elsewhere: “It is proposed that Octopus discriminates orientation by 
means of a neurological mechanism which counts the lateral and vertical extents of 
a shape, takes the ratio of one to the other, and classifies shapes by means of these 
ratios" (Sutherland, 1958 b). " 

А further possibility suggested by Sutherland is that a subsidiary system might 
compute the ratio of total contour to area for each shape. For such a system the 
pairs of shapes in Figure 1 should both be discriminable without difficulty. 

Tlie initial prediction must be modified in the light of these alternatives. There 
are actually four cases to consider for theory A. a 

(т) Discrimination is based on the ratio of the maxima for horizontal and vertical 
outputs for each shape, in which case a, b, should be about as discriminable as c, d. 
For the rat they are not and it seems unlikely that this ratio could be the basis for 
discrimination, since it would imply that all figures with equal verticaland horizontal 
extents, such as square, circle, diamond, any triangle in which the base and height 
are equal, etc., would be treated as equivalent; this is not the case for the rat or the 
octupus. 

(2) Discrimination is based on rates of change and changes in rates of change in 
the outputs. This type of analysis would yield the same prediction as theory C 
if the analysis took no account of directions of change at points of discontinuity. 
It is not possible, however, that Sutherland intends this restriction to apply, since if 
it did some of the evidence he has claimed to be in favour of theory A would actually 
tend to refute the theory (e.g. Sutherland (19606), Figure 1, discriminability of 
shapes f to m). a: 

(3) Discrimination is based on the ratio of contour to area for each shape. On 
this interpretation the pairs of shapes in Figure 1 should again be about equally 
discriminable, and since they are not, it seems that this ratio is not a basis for dis- 
crimination in the rat. 

(4) Discrimination is based on the "shape" of the outputs, or the occurrence of 
peaks and troughs in the outputs in particular positions. This seems “to be the 
intended basis for analysis, and it is an imprecise one. Despite this lack of precision, 
it seems clear that the initial prediction from theory A should hold, and the pair 
a, b, should be more discriminable than c, d, because there is a peak in the vertical 
output for a where a trough occurs for b, but no such marked difference for the 
other pair. i y; 

Of the four possibilities, (1) and (3) predict that the two pairs of shapes should be 
of approximately the same discriminability, (4) predicts that a, b, should be more 
discriminable than c, d and (2) predicts the reverse. Thus, the experiment supports 
theory A if (2) is the correct interpretation, which it clearly is not, according to 
Sutherland's own writings. The other three interpretations yield predictions at 
Variance with the outcome of the experiment; theory C makes a correct prediction. 

The writer attempted to devise figures which would yield a more straightforward 


ў *test between the two theories, but was unsuccessful The difficulty resides not merely 


in the fact that several different interpretations of theory A ate possible, but also in 


the nebulous way each one of the interpretations has been put forward. These 
different interpretations in general do not yield identical predictions, which makes 
it virtually impossible to test the theory—or theories—with any degree of rigour. | 

It may be noted that the experiment is biased against theory C in two ways: 
(i) All group II animals should have had some tendency to treat their positive shape 
45 negative, on either theory, but this is not true of group I; (ii) "surface P 
Were used rather than "contour" shapes, which may introduce a bias in favour o 
fheory A. This assertion cannét be made with confidence, however, since it is not 
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certain whether theory A is supposed to be a theory of surface or contour discrimina- 
tion. This point has been elaborated in detail elsewhere and the added problems it 
poses for theory A discussed (Dodwell, 1961 б). 


CONCLUSION 


In confirming a prediction from theory C the presently reported finding tends to 
support that theory. It is not clear, however, that it really refutes theory A. This 
is so because it is difficult to determine just what theory A would predict. Also, of 
course, it is entirely possible that theory A in one version or another applies to the 
Octopus but not to the rat. 


This research was supported by grants from the National Research Council of C anada 
and the Committee on Scientific Research of Queen's University, whose assistance is 
gratefully acknowledged. 
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Two experiments were carried out to test a number of hypotheses regarding the,effects 
of practice and S-R familiarity on choice reaction times. In Experiment т subjects read 
lists of nonsense syllables of varying levels of association value and différifig degrees of 
choice. It was found that the slope of reading time per syllable was linear with respect 
to the log of the number of choices, but that the slope was steeper for syllables of lower 
association value. In Experiment 2, 4- and 32-choice lists of the same average asso- 
ciation value nonsense syllables were read on three successive days, as were lists of common 
three-letter words. The words showed zero slope against numbes of choices, and the slope 
ior the nonsense syllables decreased with practice. These results are considered to 
support recent modifications to views on the role of information theory in psychology. 


Recent discussions (Welford, 1960; Leonard, 1961) have drawn attention to the 
effects of practice in multi-choice reaction time experiments. The latter author in 
particular has cited a number of experiments which show that the classical relation- 
ship, whereby RT increases linearly as the number of alternative choices successively 
doubles, disappears with sufficient practice. Both authors discuss the implications 
of this effect for human performance models based on information theory. Since at 
the moment there are no known cases where extended practice has not reduced the 
difference in RT between two-choice and more than two-choice situations, tlfe evidence 
that this is a genuinely natural effect is strong. 

Another series of experiments cited by Leonard show that as the correspondence 
between stimulus and response departs from what appears a priori to be a natural 
one, so the slope of RT against number of choices becomes steeper. It is fot then, 
surprising to find that the effects of S-R incompatibility can be reduced by practice 
(Morin and Grant, 1955). (One hesitates to refer to Fitts and Seeger (1953) in support 
of this statement, since these authors summarize their experiments by saying that 
“Differences in reaction time (between different S-R compatibility arrangements) 354 
persisted over the 32 days.” Yet in fact their data show that the difference between 
their most and least compatible ensembles was about 0-05 sec. on Day 32 compared 
With 0-46 sec. on Day 1.) zo, j ] 

It therefore appears that effective S-R compatibility can be improved either by 

"*changing the relationship between stimulus mode and response mode, or by extended 
Practice of any particular relationship. However the establishment of the relationship 
between S-R compatibility and reaction time is to some extent circular. Con- 
ventionally, two (e.g.) different display-control arrangements are set up, and tests 
show two different sets of reaction times. From this it is inferred that one arrange- 
ment is more compatible than the other. In other words, compatibility is defined 
in terms of reaction time. One wonders in fact, what conclusion could be drawn in 
this type of situation if no difference in reaction time was found. Would it be that 
reaction time is independent of S-R compatibility; or would it be that the S-R 
Compatability of the two arrangements was the same? 
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One way of avoiding this difficulty would be to use stimuli and responses, the 
relationship between which could be differentiated in performance terms without 
recourse to the reaction time. A close approximation to this ideal is possible if the 
stimuli are nonsense syllables, and the response is a verbal read-out of the syllables 
presented. For instance, the response (read-out) to the syllable CAT is relatively 
unequivocal. The response to QEX is less certain. Conventional measures of 
of syllable difference such as meaningfulness or association value can then be used 
as measures of doubt about the stimulus-response relationship. In the following 
experiments the latter measure was accepted as an index of S-R compatibility not 
based on the time to react to syllables. It is clear that this concept of S-R com- 
patibility is closely related to that of population stereotypes (Fitts and Deininger, 
1954).° In this sense, ordinary common English words would be regarded as being of 
higher association value (S-R compatibility) than even 100 per cent. nonsense syllables. 

Generalizing then from the light-stimulus/key-response RT experiment to a situa- 
tion where subjects read out lists of nonsense syllables or similarly constructed 
ordinary words, a number of predictions can be made. 


(a) The reading rate for nonsense syllables will depend on the number of different 
syllables in the test set. The rate will be lower when there are more alter- 
natives to choose from. 

(b) Given this relationship, the slope will be steeper for syllables of lower associa- 
tion value. 

(c) For a given level of association value, the slope of the function of reading 
rate against number of alternatives will decrease with practice. 

(d) If familiar words are used instead of nonsense syllables, there will be no 
effect of practice as with (c) and as an extension of (6) there will be zero slope. 


These predictions were tested in the course of two experiments. 


2 EXPERIMENT I 


Method 


Twelve sheets of consonant-vowel-consonant nonsense syllables were prepared in 
lower case type. ach sheet contained 320 syllables, in rows across the page, with wide 
spaces between syllables and between rows. 

The sheets comprised either 4, 8, 16 or 32 different syllables occurring randomly, 
with the constraint that runs longer than two were broken up, and that every syllable 
appeared equally often. Each degree of choice was thus represented by three lists of 
syllables which differed in average association value determined by reference to Glaze 
(1928). The 12 experimental conditions therefore consisted of four degrees of choice and 
three levels of association value, the average values of the latter being 15, 46 and 95 pen 
cent. Anaverage was needed because selection of syllables from Glaze's list was restricted 
іп а number of ways. No syllable occurred in more than one list. In any one list initial 
consonants, and vowels, were varied as much as possible. 

The subjects, who were 14 naval ratings, were given the lists one at a time, and told 
to read out the syllables as fast and accurately as they could. The lists were given in 4 
different random order to each subject, four per day, on each of three successive days. 

Reading time was measured by stop-watch, and the number of errors made were noted. 


Results 


Figure r shows the general trend of the results. It is fairly obvious that with 
increasing association value of the nonsense syllables, the slope of reading rate against 
number of alternatives becomes flatter. From the appearance of the slopes, it seems 
reasonable to take, as a measure of slope, the reading rate difference between four ап 
32 alternatives. The larger this difference the steeper the slope would be. 


Friedman two-way analysis of variance by ranks shows overall differences among ` 


x 
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the three slopes. The Wilcoxon matched-pairs signed-ranks test, indicates that 

| the 15 and 46 per cent. slopes are both steeper than the 95 per cent. slope at better 

- than the o-or significance level (two-tailed). The third comparison yields no differ- 

ence іп slope. Remembering that Glaze’s list is undoubtedly subject to a sampling 

error, and that we used relatively few syllables from it, the failure of the third 

comparisorr could be accounted for in this way. This weakness in the design was 
corrected in the second experiment. 
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€ 
. There are obvious difficulties about scoring errors of reading. nonsense syllables, 
Since pronunciation is inevitably arbitrary. What is important if spéed is the main 
criterion considered, is that error rate should not be high, and that speed and accuracy 
Should not be negatively correlated. Overall, we found error rates of about 3 per 
cent, with a clear indication that the few errors which did occur were positively 
Correlated with speed. E 


EXPERIMENT 2 
Method 


sa Eight different naval ratings read through four lists prepared as before. They read 

Чеш again the next day, and EE more on the third day. Every subject had the same 

four lists each day, but ina different order, and this order was also varied amongst subjects. 
"The lists again contained 320 syllables each composed as follows:— 

List A. Four different 20 per cent. association value nonsense syllables. 
B.—Thirty-two ditto. ‘ 
C.—Four consonant-vowel-consonant common English words taken from the most 

frequent words in Thorndike and Lorge (1944). 
D.—Thirty-two ditto. 
ао minimize the possibility that the fou 


ie 296 of 32 items, the four different non: 


| r-item vocabularies were by chance easier 
sense syllables and four different words in 


and C lists respectively, were varied for each subject. s 
e 
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TABLE I 


READING КАТЕ (SEC. PER ITEM) AND ERRORS FOR WORDS 
AND NONSENSE SYLLABLES 


List A List B List C List D 
Day 1 0:59 o:86 0°45 0:46 
(1:8) G7) (0-9) 0*7) 
Day 2 O'51 0:69 043 043 
(0-7) (6*5) (0:7) (0-9) 
: Day 3 047 0:64 0°42 043 
m (o:5) (5:2) (0:5) (0:6) 
ee 


Results 


Table I shows the day-by-day reading rates (in seconds per syllable or word) for 
the four lists. The frequency of error is shown in brackets in each cell. 

The measures of slope and statistical tests used in Experiment I were used again. 
The analysis of variance again showed overall slope differences. The slope on Day 1 
was significantly steeper than on Day 2 or Day 3 (p < 0-02, two-tailed), for the 
nonsense syllables. It is also seen that errors are positively correlated with reading 
rate. 

The reading rates for ordinary words increase very little with practice, and the 
number of alternative words in the lists seems to make little difference—i.e. there is 
а zero slope. This agrees with Pierce and Karlin (1957). 


D DISCUSSION 


These experiments show that the study by Mowbray and Rhoades (1959) on the 
effect of extended practice on choice reaction time, is in fact closely related to that 
of Crossman (1956); Crossman showing that a symbolic S-R relationship gave а 
steeper slope of RT against choice than a non-symbolic relationship. By implication 
this point had" already been made іп Leonard’s experiment (1959); his response to 
a tactual stimulus might reasonably be taken as more highly practiced than to а light 
stimulus. Equally, directly stimulating the finger from which response is required, 
can be taken as a more compatible arrangement than requiring subjects to interpret 
even an apparently simple light display. Our two experiments together make the 
argument more explicit. Experiment 1 is analogous to that of Crossman, in that the 
S-R situation is made increasingly familiar, leading to a flatter slope. But whereas 
in conventionally varying S-R compatibility, Crossman assumed that his two modes 
were of different difficulty, an assumption confirmed by his results, in our case, tho 
difficulty difference could be directly written into the experimental conditions 
But in examples where S-R compatibility is varied, the differing degrees of familiarity 
with the S-R relationships do not develop during test sessions. The fact is of course 
that the experimental conditions use the implied practice that has occurred differ 
entially outside of the experimental situation. In this sense, Leonard's tactual 
response represents yet a further stage in the Crossman situation. Mowbray а? 
Rhoades reach this stage by making subjects explictly, inside the experimenta 
situation, go through the practice drill. There can be little doubt that had Exper" 
ment т carried another four conditions using ordinary words, the result would ра?“ 
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been similar to that found in Experiment 2—namely zero slope. ‘This procedure 
was discarded merely for the sake of experimental economy. 
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The data of Table I fitted to an exponential hypothetical practice curte. 


Experiment 2 reaches the same conclusion by the other route, Here we take 

S-R combinations which we know through external criteria to have been relatively 
infrequently practiced up to the time when the subject arrived at the experiment. 

€ show that practice alone during the experiment reduces the slope 6f reading time 
against number of alternatives. The conditions (C and D) using words, represent 

а short cut to the end of the practice/familiarity axis. This contention is supported 

y the re-arrangement of the data in Figure 2. This shows the effect of fitting an 
Exponential imaginary practice curve to the results shown in Table I; the curve is 
Calculated to reach zero RT at infinity. The method of arriving at Figure 2 requires 
®xplanation. A suitable curve was calculated to represent a hypothetical course of 
Practice. The ordinate scale is determined by the experimental data (Table I), the 

| Stale of the abscissa is arbitrary equal time intervals. The 3-day plot for gem 
*xperimenta] condition, correctly sited on the vertical axis, was adjusted EN y 
үе the best fit by eye to the hypothetical practice curve. By trial and error a 
Practice curve was found to which all four sets of experimental data could satis- 
factorily be fitted. The result shown suggests that all the points could lie on a 
angle time continuum which would be represented by successive days of PS 
a Опе feels more justified in eee d ete of slope indicated by 
able I from the nonsense syllable material to the words. : M: 
a, Mmarizing, we have m that the time to respond to a series of RUE 
| SPends'on the familiarity of the'S-R relationship. When this is new to subjects, 


^ © 


76 « QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


the mean response time is a function, with a positive slope, of the number of alter- 
natives. The relationship becomes more familiar through practice; in which case 
the slope trends to zero. Practice can be,shown to be effective in this way when it is 
carried out as part of the experimental situation. Equally it can be effective even 
when it has occurred prior to, and right outside of the experimental situation 
When subjects bring to an experiment varying degrees of familiarity with S-R 
relationships, determined by an acceptable objective criterion, the degree of familiarity 
is negatively correlated with the degree of slope against number of alternative S-R 
units. Our data would therefore support the growing view that the classical picture 
of a constant rate of gain of information in reaction experiments is true only during 
the limited period when the subject is learning the S-R relationships. Nevertheless 
it is clear from Bryan and Harter (1897) and recently from Mowbray and Rhoades 
(1959), that when S-R compatibility is relatively low, the learning petiod may extend 
over lengths of time far in excess of the duration of most even lengthy laboratory 
experiments. 


I must record my thanks to Dr. J. A. Leonard for encouraging me to write this paper 
and to Dr. M. Stone for statistical help. : 
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SIZE-WEIGHT INTERACTION IN JUDGEMENTS OF 
COMPOUND STIMULI À 


BY 


ү. 5. ANTHONY!, D. Н. HOLDING?, JUDITH S. LION and W. SLUCKIN?* 


From the Department of Psychológy and the Nuffield Department of Industrial Health 
University of Durham . 


Recént work in the fields of multidimensional information transmission and perceptual 
accentuation due to value has led to theories concerning unidimensional judgemeiits of 
compound stimuli. The present study attempts to explore these theories, adding the 
dimension of size to judged weight, following negative results with judgements of size 
when brightness is varied. 

Three sets of stimulus objects were prepared. "Variation of weight was the same in 
each set. However, the size of the objects was the same in one set, while in another 
. Setsize increased with weight, and in a third set size and weight were negatively correlated. 

Three groups of 16 subjects were asked to make replicated absolute judgements of the 
weights in each set. 

It appeared that judgements of weight are more affected by density when density 
. varies than when changes of size produce constant density. As predicted, contrast 
between successive stimuli is greatest when size and weight are negatively correlated, and 
least with positive correlation. The extent of the judged scales, and the means of these 
scales, follow the same pattern. Differences in discriminability between the three series, 
whilst in the expected direction, are not significant. The hypothesis that these effects 
would be more apparent in the psychologically linked dimensions of size and weight, 
than in the relatively neutral case of size and brightness, was largely confirmed. These 
findings both amplify and modify the previous suggestions concerning compound stimuli. 


INTRODUCTION с 


The present experiment follows on work by Sluckin and Holding (1959) and relates 
particularly to the analysis of perceptual accentuation by Tajfel (2957, 1959). In 
examining one-dimensional judgements of stimuli varying in two dimensions, the 
experiment throws light on the size-weight illusion (a) as such, and (b) as relating to 
other multidimensional effects, and to the value-size and value-weight effects shown 
by Messenger (1902), Bruner and Goodman (1947) and others. It will be convenient 
to introduce the two aspects of the work under separate headings. 


The size-weight illusion as such at 

The size-weight illusion is commonly demonstrated and quantified by obtaining 
а point of subjective equality of weights between objects of different size; of two 
objects, the smaller has to be physically less heavy than the larger, if they are to seem 
‘equally heavy to the subject; in other words, the weight of the smaller object is 
overestimated relative to the weight of the larger object. The illusion may be reduced 
msome conditions (e.g. Huang, 19454), and reversed at one extreme (Howard, 1954); 

ut in this paper we shall not be concerned with these special conditions. 

The illusion, demonstrated in the normal way, may be regarded as only one of 
Several possible effects resulting from a more general interaction of the dimensions 
of size and weight in subjective judgements. Other effects resulting from the general 
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mechanism of perception should be demonstrable in cases where the illusion, as 
normally defined (or demonstrated), does not appear. One such case is where 
absolute judgements are made of the weights of a series of stimuli which are com- 
pound, in the sense that they also vary in the size dimension. 

In the present experiment we present the subject with a set of objects, one by one, 
and we ask him to estimate the weight of each object. From our know?edge of the 
size-weight illusion we expect that the smaller an object is the heavier it will be 
judged. Although the subject is making an absolute judgement we assume that as 
each object is presented to him he is comparing the object with the previous one. 
This assumption formed the basis of a measurement which we call "subjective 
confrast."  Thisis based on the differences between judgements to successive stimulus 
presentations and is described more fully in the Results section. 

In one Set’ of objects, the Neutral set, size remains constant. In another set, the 
Plus set, size and weight co-vary positively, and density remains constant. For this 
set, as the subject weighs one object after another, an object which is actually lighter 
than the preceding one is also smaller, so we expect that the difference of size will 
produce relatively small differences between the judgements, and that the subjective 
contrast will be small. Similarly an object which is heavier than the preceding one 
should be judged heavier to a lesser degree than if size were constant; thus throughout 
the sequence of presentations the differences between successive judgements should 
be small relative to the Neutral condition where size is constant. In the Minus set 
of objects size and weight co-vary negatively (the heavier objects are smaller than 
the lighter ones). Here following a similar line of reasoning we expect that the 
differences between successive judgements will be large relative to the Neutral 
condition. For the subject, contrast between the stimuli composing the series will 
behigh. In this experiment therefore we expect to find that subjective contrast will 
be least, medium and most for the Plus, Neutral and Minus sets respectively. 

If this prediction is confirmed, then we have demonstrated in this situation the 


analogue oí the size-weight illusion, and we may proceed to test hypotheses concerning 
it. 


The size-weight illusion as relating to other multidimensional effects 


Many experimenters have demonstrated the influence of value on judgements of 
physical magnitude, especially size and weight. Typically, when value and size (or 
weight) are co-varied in a series of stimulus-objects, and when the subject's task is to 
estimate size (or weight), the objects are judged more different in size (or weight) 
than when value is not present in the series of objects. This generalization is proposed 
by Tajfel (1957, 1959) (also see McCurdy, 1956) and it is supported by results on the 
apparent sizes of coins (Bruner and Goodman, 1947; Bruner and Rodrigues, 1953; 

` Carter and Schooler, 1949), and by results on apparent lengths and weights (Dukes 
and Bevan, 1952; Tajfel, 1957) where correlative value was experimentally induced. 
Here we are not concerned with subjective contrast but with what we shall сай 
scale extent (difference between the mean judgements of the lightest and heaviest 
weights), a measure of range. 

In the work cited, the presence of value increased the scale extent. Tajfel 
(1957) suggests that this effect may be related to the increased discrimination obtaine 
with purely physical dimensions by Eriksen and Hake (1955 Б) and others. Eriksen 
and Hake found that stimuli in which size, hue, and brightness co-varied were better 
discriminated than stimuli in which only one dimension varied, or only two co-varied. 


Their subjects were set to identify stimulus obj Be 
ШШШ. y 50 jects, and presumably felt free to 0 1 
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Tn Sluckin and Holding's (1959) experiments, brightness and size were both varied 
but, as in the value experiments, the subjects were set to judge only one dimension 
(size). The effect of the co-varying brightpess was on the whole insignificant. The 
experimenters concluded that the generalization (suggested by Miller, 1956) that 
multidimensional stimuli yield increased transmission of information, may only hold 
when the subject is set to respond multidimensionally, or alternatively when com- 
binations of dimensions are used which are psychologically linked. Size and weight 

i are one such combination, sincé all the work on the size-weight illusion shows that 
even when the subject is restricting his attention to weight, his judgements are 
affected by difference in size. Thus size and weight, unlike size and brightness, may 
provide results analogous to the value effects, and in conditions moxe analogous than 
the Eriksen and Hake situation. An analogy between the value effects and thé size- 
weight illusion has previously been vaguely implied by Ansbacher (1637), and has 
been developed by Tajfel (1957). 

In our present experiment, we pursue this analogy in more detail Although 
subjective contrast and scale extent are different measures, a homogeneous increase 

. in subjective contrast must be accompanied by an increase jn scale extent, so we 

expect to find that scale extent will be least, medium and greatest for the Plus, Neutral 
and Minus sets respectively. 

_ The influence of the size-weight illusion on discrimination and mean response 

will be dealt with in the Results and Discussion. 


METHOD e 
Subjects 


The subjects were 48 members of, or workers for, Durham University or their friends. 
None had taken a course in general or experimental psychology. They were between 16 
| and 60 years in age. 


Apparatus 5 
Three sets of objects were prepared, то objects in each set, making 30 objects in all. 
The objects were cylindrical, the height of each being equal to the diameter; they were 
painted a uniform red. i Jj j 
The sets did not differ in terms of weight; in each set, the lightest object, object 1, Di 
100 gm., the next lightest was 110 gm., the next was 121 gm., and so on by increases of 10 
М Per cent, the heaviest object, object то, weighing about 236 gm. The oe eas 
accurate to within 0-3 per cent. of the ideal weights. It is to be noted that objec oF 
€ach set weighed about 161 gm. (this value was given to the subject at the beginning ot the 
experiment, as explained below). ; ig i i 
The sets differs quse У) size, In the Plus set, ће objects were as big in ue 
centimetres as they were heavy in grammes; that is, object т was тоо с.с. ibis a 
Object 2 was rro c.c., and so on. In the Minus set, the sizes were reversed; t | P 
Object ro was 100 CH volume, object 9 was 110 C.C., and so on. In the Neutral set, 
© size of all the objects was 150 с.с. i 
dg: All the objects were marked on one end of the суш 
4:10," etc., for identification by the experimenter. 
Jects “онот” downwards (see below). 


nder in white paint, “+1,” “—7,” 
Subjects, by instruction, held th 


Were divided into three equal groups of 16, the Plus, Neutral, and Minus groups, according 


0 the set of obj 

Э jects used. р 
T Subjects were taken individually. In the experimental $ 
Xperimenter sat opposite each other, across à small table. 


ituation, the subject and 


d on which the subject's responses were recorded 


une experimenter. The set of objects and the sheet of p 
"ibject's view by a screen. a E 


с 


" Tocedure 
| Only one set of objects was used in connection with any given subject; the subjects 
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When the subject and experimenter had sat down, the experimenter took object 6 
from behind the screen and placed it in view of the subject, and spoke the following 
instructions: 

“When I give you an object, I want you to weight it in your hand; tell me how heavy 
you think it is, and give it back to me. The first object weighs one hundred and sixty-one 
grammes, one sixty one, and I want you to give all your answers like that, in grammes, 
Now, all the objects are marked on the bottom, so I want you to be careful to handle the 
objects without turning them over, otherwise it will spoil the experiment. Here is the 
first object: it weighs one hundred and sixty-one grammes. Lift it up and down alittle, 


TABLE I 
RANDOM ORDERS FOR THE FIRST Five SUBJECTS IN EACH GROUP 


(Orders for subsequent subjects follow those given in the table, viz. sixth subject as 
first, seventh as second, etc.) 


Subject I 2 3 4 5 


Weights .. v x2 177 100 236 177 


110 133 IIO 161 IIO 

146 121 161 I21 177 

100 195 I21 236 236 

k 121 146 100 100 195 

а 192. |2 246 146 
214 236 214 195 100 

161 100 146 IIO I21 

» 195 110 195 133 214 


a 133 214 133 146 100 
214 195 121 2077, 236 
146 161 236 IIO то 
161 133 146 100 146 
177 IIO 161 I21 177 
195 146 214 133 195 
I21 т21 110 214 121 
IIO 177 100 161 133 
100 100 177 236 214 
100 16r 195 100 214 А 
195 | 133 | 100 | 195 | 146 $ 
I2I 195 IIO 133 161 
To 214 121 I21 100 » 
16r 177 214 IIO 236 
135 236 eds 16r 121 
100 161 17 I 

146 146 133 ie ы; 
214 IIO 177 236 177 
236 121 146 214 110 

Objective contrast | 37:2 | 48-1 545 5r:8 1 

* ee 
) y `4 ; 
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to try to get an 1dea of its weight, and then hand it back to me.” While the third sentence 
was spoken, the experimenter lifted’ object 6 up and down in his/her hand, the bottom 
(the marked end) of the object resting on the palm, to suggest a manner of weighing the 
objects. . 
f When the subject had handed back object 6, the experimenter proceeded with the 
main part of the experiment, which consisted of forty presentations according to a pre- 
determined order (see Table I). This order was composed of four sub-sequences: the ten 
objects were presented, one by one, in a random order (the orders had been obtained from 
tables of random numbers); then they were presented again, in another random order; 
and then for a third, and then for a fourth time, each time in a different random order. 
There was no special break between the sub-sequences, or indication of them to the 
subject. Object 6, like the other objects, was presented four times, with no indication 
that it had also been the object given initially as a standard. € 

To each member of the Plus group, there corresponded a member of the Neutral group 
and a member of the Minus group, each of these three subjects being given the same order 
of presentation, by weight. у ' 

The procedure usually took about r5 min. for each subject. Subjects were not 
restricted to the use of one hand, or to any specific manner of weighing the objects, except 
that the bottom was kept downwards. 


RESULTS 


The results are presented in Tables II, III, IV and in Figure т. 


Subjective contrast 


First, the objective contrast was calculated for each “random order” (see Table I). 
is was done by summing the objective differences between successively presented 
Weights, The first weight in the series was deducted from the initial standard of 
161 gm., making 40 differences in all. ; 
À measure of subjective contrast was then obtained for each subject by summing 
the differences between the subject's judgements counting differences in the wrong 
irection as negative. (For example, if a subject said "150" in response to object 1 
and then was given object 3 and said “100,” this was counted as a difference of minus 
30) The sum of these differences was then divided by the sum of the objective 
differences. This quotient was then multiplied by roo to give a percentage sgore. 
Examining Table II we see that our prediction concerning subjective contrast in 
the three groups is confirmed. The null hypothesis that the groups do not differ in 
Subjective contrast may be rejected at the o-oor level, by the Kruskal-Wallis test. 
Applying the one-tailed Mann-Whitney U-test, we find that each group is significantly 
ferent from each other, at the 0:05 level or better. 


TABLE II 


SUBJECTIVE Scores, mw Four VARIABLES, FOR THE THREE GROUPS E e 
YECENTAGES OF CORRESPONDING OBJECTIVE SCORES. (FULL EXPLANATION SEE TEXT. 


—— Eee кие 
Means for each group 


С) 


Limits of р by 


Variable Plus | Neutral | Minus | Kruskal-Wallis test 
Subjective contrast 63:4 109:5 1742 ооот > р 
Scale extent ЈЕ 7 104°5 162°3 0-001 > T3 eus 
Mean response —..| 994 1174 | 1227 | 005 > Р Eo 
Discrimination — ..| 63:7 70:9 723 | ото >р 5 
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Scale extent 


For each subject, we subtract the mean response to object 1 from the mean 
response to object ro. The objective differerice is 136 (135:8) gm. Table II gives 
the mean extent of scale, for the three groups, as a percentage of this objective extent. 
The Kruskal-Wallis test again rejects the null hypothesis at the o-oor level. The 
differences between the groups are as expected, although the difference between the 
Plus and Neutral groups is not significant by one-tailed U-test. 

Table III shows the means and standard deviations of the judgements from each 
group to the ten weights, together with the physical values of the weights. 

In Figure 1 mean response magnitudes are plotted against the ten stimulus magni- 
tudes, The scales of judgement are shown as the projections of the empirical points 
on to lines parallel with the response axis. The physical scale is shown alongside 
for comparison. 

TABLE III 


MEANS AND STANDARD DEVIATIONS OF THE JUDGEMENTS FROM EACH GROUP TO THE 
Ten WEIGHTS 


Average judgement (and standard deviation) of weight in gm. 
ult Plus Neutral Minus | 

in gm. Mean с Mean c Mean с 
* 1000 | 1167 31-1 118-6 320 97:6 3777 
1100 1234 3077 I31:9 3r6 107:6 40:6 
121.0 | 131'9 29:6 145:8 240 1249 38:1 
1351 139:6 24:3 156-2 26:5 142-1 36-1 
146-4 | 1522 26-0 1732 28-9 161:9 437 
о | 166:3 27°7 I91:8 377 196:9 58:0 
10770 а [Aas 179:6 40:0 209:0 60:2 23831 63:5 
194:8 1778 43'4 2249 579 265:6 875 
2143 191‹6 38:0 262:1 8ro 3031 102:6 
2357 204:7 38:3 260-4 72-9 317'9 91:6 

_———————_ С — 


Mean response 


{ It will be noticed that all judgemental scales, including the Neutral series, at 
displaced relative to the corresponding physical scales. The extent of this shift, 
which represents an effective change in adaptation level, has been measured oy 


averaging the mean response levels of the subjects i iB 
scr DR jects in each group. These group 


‹ percentages of the mean stimulus magnitude (150: ) are 

shown in Table Ir. The Kruskal-Wallis test shows the Sue тш ай 

groups to be significant at the 0-05 level. Applying the two-tailed U-test to the 

individual comparisons, the difference between the Neutral and Minus groups is not 

significant, and the Plus-Neutral and Plus-Minus differences are both significant 

at the 0:05 level. Owing to the fact that a subjective scale can extend more аза 
х А 
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FIGURE 1 
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Mean Tesponse magnitudes plotted against the ten stimulus magnitudes together with 


density variations for the three groups. A 


from zero than towards it, it was expected that scale extent and mean response would 
: positively correlated. In order to confirm that these relationships hold good 
within the groups, Spearman's rho correlations between scale extension and mean 
Tésponse level were calculated from the data obtained under each condition. These 
ate shown in Table IV, As expected all the correlations are positive; although on 
j а two-tailed test only the value for the Neutral condition is significant (p <о:о2). 


2 TABLE IV 
B e ленди ины ын ыы ш —— 


E Spearman's rho, for each group 


Correlated variables Plus Neutral Minus 
Scale extent and mean response ds 0:341 0:624. 9514 
Scal (0:02 > р) | (ото > P > 0:05) 
Че extent and discrimination .. 0:076 0:402 927% 


wo-tailed test, one is significant, one approaches 
significance є 
[1 
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Discrimination ^ 

For the measurement of discrimination a special score was used, which must now 
be described. Suppose K stimulus-objects are presented to a subject, each object 
being presented P times (in our case, K — ro, P — 4). Then, if a subject makes a 
response, an estimation of magnitude, on each presentation, he makes KP responses 
in all. Let Ry be the range of responses to object 7. Let Qr be the number of the 
subject's responses (out of all his KP responses) which fall within Ry. For example, 
if a subject’s responses to object т are: 120, 100, 155, 100, then К; is written as 100—155. 
Any of his responses which are “100” or “155,” or which come between тоо and 155, 
will be counted as falling within R}, and the number of such responses is called Q4. 
Q, cannot be lessthan P (the number of responses to object т) and cannot bé more 
than KP (the total number of responses). О, minus P is the number of times the 
subject responds to other objects in the way in which he responds to object 1, and is 
therefore a measure of the extent to which the subject is confusing object 1 with the 
other objects; that is, it is an inverse measure of discrimination. We can, of course, 
obtain Qr for each object from object 1 to object К; the average Qr is a general measure 
of confusion, . : 


The formula for our measure, Discrimination, is: 


Уф: Кр 
3 Discrimination — 100 (m 
3c ehh 
KP(K — 1) | 


This score is zero when the mean Оу is at its maximum, and is тоо when the mean Qr 
isatits minimum. The score was obtained for each subject; Table П shows the mean 
result foreach group. The groups do not differ significantly by the Kruskal-Wallis 
test; however, we find that the difference between Plus and Minus groups is significant 
at the 0-05 level, by two-tailed U-test, discrimination being least, medium and most 
for the Positive, Neutral and Negative sets respectively. 


Variations in judgement compared with variations of weight and density 
In order to see how far the judgements are influenced by density it is necessary 
to compare the obtained curves with the theoretical curves for density. In the case 
of the Neutral group, density and weight changes coincide. For the other two groups, 
density curves have been calculated using the density of the standard object (No. 6) 
as a reference point (see Fig. т). 
The judgements for the Neutral group appear to be parallel to the appropriate 
weight and density curve. In the case of the Minus group the lighter judgements 
follow the density curve rather closely with some divergence towards weight in 


objects 8, 9 and ro. The same objects in the Plus curve, which otherwise follows® 


weight fairly accurately, are inclined towards the appropriate density curve. Since, 
however, this inclination to the right occurs to some extent in all groups, it may be 
better interpreted as implying that the underlying scale of increment is not logarithmic 
rather than as providing weight density information. 


, 3 DISCUSSION 
(1) Size-weight illusion 

As pointed out in the introduction the prediction that subjective contrast will 
be least, medium and most for the Plus, Neutral and Minus sets respectively, derives 


» 


EE a 


“They concluded that their experiments had “failed to provi 
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logically from the usual demonstration of size-weight illusion. This leads us to 
examine the role of density in size-weight judgements. 

Ryan (1940) writes "in fact О is not reporting weight at all but specific gravity 
and the illusion is really not an illusion at all. O is simply unable to report on 
weight being influenced by the striking differences in density involved.” This view 
which we*may call the pure density hypothesis, seems to overstate the case, for 
apparently the subject's judgement is generally in between what would be correct in 
terms of weight and what would be correct in terms of specific gravity. Following 
Ryan’s theory one would expect that in the Plus set (in which density remains 
constant) there would be no variation in judgement of different weights, i.e. each of . 
the 16 weights would appear to the subject to be the same weight. As we know, this 
did not happen. Ryan's theory must, therefore, be rejected although in certain 
circumstances (such as in our Minus group in the middle range of weights) it may be 
substantially correct. 

Thouless (1931), Huang (19454, 19450) and Nyssen and Bourdon (1956) have 
put forward a "compromise hypothesis" namely, that in making judgements of 
weights, compromise judgements are in fact being made whjch are partly based on 
weight and partly on density. This is supported by our findings and is illustrated 
inFigure r. On the whole it looks as if judgements of weight tend to a considerable 
extent to follow density variations when these are substantial as in the Minus group; 
but when density variations are slight or non-existent, as in the plus group, there is 
à strong tendency not to rely much on density cues. A 

LJ 
(2) Multidimensionality of stimuli 

There is no doubt that stimuli varying in more than one dimension are identified 
more often correctly, and are thus better discriminated from one another, than those 
that vary in only one dimension. This applies to stimuli which «either vary in 
Several dimensions independently or vary along the different dimensione concomi- 
tantly (Eriksen and Hake, 19550; Miller, 1956). While two or more dimensions of 
the stimulus objects vary, the magnitudes may be judged of only a single dimension. 

It can be asked what would be the effect of additional dimensions, perfectly 
Correlated with the first, when judgements are made of the first dimension only. 
Tajfel (1957), quoting Eriksen and Hake (19550), implies that thecaddition 2 $4 
Second dimension, when judgements of only the first dimension are made, shou 4 
also result in improved discrimination, provided the second dimension is correlated 
With the first. Sluckin and Holding (1959) attempted to verify this, using stimuli 
that varied in size and brightness, size having been the dimension judged. _ They 
ound, among other things, that discrimination was no better when variations in size 
Were accompanied by concomitant variations in brightness than when brightness 


Тайпей consta ied in some way unrelated to variations in size. 
constant throughout, or var de any support for the 


or (b) increase in discriminability, will 
dimension to a first judged dimension, 
it can 


cM that (а) extension of subjective о 
ult from the addition of a second physica 
and that it cannot be asserted that two-dimensional effects do not occur; 
10 longer be asserted, h ill always occur.” 
sse , however, that they will always oc ! 
In the present experiment it was possible to test in a new dpud pes 
eXPectation based on Miller (1956) that the addition of a second correlated dimen E 
^ en judgements are made of the first dimension only, should result in improve 


inati i i th Plus and 
discrimination. In the present experiment we would expect Шү їп bo И 
"IUS sets, where there is variation in size as well as in weight, discriminatio: i 
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be better than in the Neutral set. Once again the expectation of improvement in 
discrimination was falsified. Sluckin and Holding (1959) suggested that such two- 
dimensional effects as occur when one dimension only is judged may, in fact, be 
illusion effects; that is, the effects occur when dimensions are psychologically linked. 
The present experiment has shown that "pure" two-dimensional effects, if there are 
such, can no more be shown to exist in the case of linked dimensions (e.g. size-weight) 
than in the case of non-linked cues (e.g. size-brightness). 

Multidimensional effects (such as enhanced discriinination and extension of scale) 
seem to occur jn certain circumstances when dimensions are psychologically linked, 
possibly as a result of previous experience of a concomitant variation in the two or 
more dimensions, This condition is met in the present experiment, so that the 
unidimensional responses that are given to multidimensional stimuli may be no 
longer truly unidimensional. Improved discrimination and other effects resulting 
from the addition of a “dimension” of value, instead of a physical dimension, appear 
to be similar to the effects arising in situations where subjects have had previous 
experience of co-variation of dimensions (Lambert, Solomon and Watson, 1949). 
It is clear from the foregoing that the direction of correlation between the stimulus 
dimensions is very important when subjects judge only one dimension, although when 
subjects identify objects, the direction of correlation between stimulus dimensions 
appears not to matter. Here we are not concerned with direction of correlation in 
the mathematical sense but wish to indicate whether the second dimension is rein- 
forcing the first one. For example we would say in a series of discs in which the 
largest ones were the brightest that size and brightness are in the same direction, 
whereas if the largest discs were the dimmest the correlation would be in the opposite 
direction. The concept of psychological linkage is necessarily directional; therefore, 


where such linkage occurs, multidimensional effects are directional, as in our experi- 
ment. 


> 


(3) Scale extension and improved discrimination 


We have seen that our prediction that scale extent would be least, medium and 
greatest for the Plus, Neutral and Minus sets respectively, was confirmed.  Tajfel 
associates increase in scale extent with increase in discrimination and we were 
interested to examine this relationship in the present experiment. Sluckin and 
Holding (1959) in the size-brightness experiment found no indication that increase 
in extent of scale was accompanied by an increase in discrimination. Among non- 
value experiments (reviewed by Alluisi, 1957), Eriksen and Hake (19554) and again 
Pollack (1952) showed that an objective increase in stimulus range could produce 
a slight increase in discrimination. Our problem was whether a subjective increase 
in stimulus range would give the same result. 


Table II shows that discrimination was least, medium and most for the Plus, 


Neutral and Minus sets respectively. Correlations between discrimination ands* 


scale extent whilst being positive were small and lend weak support to Tajfel’s theory: 
This may have been due to the relatively small increase in discrimination as between 
the Plus, Neutral and Minus sets. There is no ground for doubting that discrimina- 
tion and scale extent are associated. However, in view of the fundamental impor- 
tance of this association for qualitative judgements in social perception (Tajfel, 1957, 
1959) it would be useful if further psychophysical studies were to be carried out. 
Such studies should show more precisely the character of the association between 


scale extent and discrimination in the case of judgements of various purely physical 
dimensions. = ` > 
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(4) Overestimation and asymmetrical scale extension 


In the value experiments, a general overestimation (relative to judgements in a 
control condition) is often reported, rather than greater scale extension (Lambert, 
Solomon and Watson, 1949; Dukes and Bevan, 1952). In the present experiment 
this would appear as a shift in mean response and was present although not significant, 
in Sluckin and Holding's data. 

As mentioned earlier it was expected that scale extent and mean response 
would be positively correlated. This expectation was clearly confirmed even if 
only one of the three correlations proved significant. It was also found that the 
mean response was lowest, medium and highest for the Plus, Neutral and Minus sets 
respectively. In other words, weights in the Minus set were on the average judged 
heavier than those in the Neutral set, and even more so than those in the Plus set. 
They were also on the average judged heavier than they were in fact; that is, these 
weights were on the whole overestimated (and weights in the Neutral set were also 
overestimated, although not so much as those in the Minus set). 

The fact that the average judgements of weight in the three experimental con- 
ditions were significantly apart lends strong support to Tajfel’s view (1959) that in 
order to explain overestimation phenomena, one has to consider what happens 
within each series. The present experiments may help to elucidate the ways in 
which interserial and intraserial effects are related. 
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P Ar r г ^ ^ 
SIZE OF TEST PATCH AND SIMULTANEOUS CONTRAST 
* BY 
PETER BURGH and G. C. GRINDLEY 
From the Psychological Laboratory, University of Cambridge 

Two experiments were done to find the effect on simultaneous brightness contrast of 
[| placing test patches in, as against outside, the fovea. When the display was magnified 
| so that the test patches were outside the fovea no statistically significant effect was found. 


Very short exposures, to eliminate eye movements, did not appear to reduce contrast. 


INTRODUCTION “i 
It has usually been held that the familiar phenomenon of simultaneous contrast 
is partly central and partly peripheral (i.e. in this context, retinal) in origin. Reviews 
of the earlier literature are readily available (e.g. in Graham, 1934; or Woodworth, 
" 1938). A recent review has been made by Diamond (1960). 
Hs If we suppose that the retinal component is important, it might be expected that 
the amount of contrast would be different inside and outside the foveal area, since 
there are so many well known structural and functional differences between the fovea 
and the periphery. Recent electro-physiological work on lateral inhibition in the 
| retina (Barlow, FitzHugh and Kuffler, 1957; Wiesel, 1960; Barlow, 1953; Kuffler, 
| 1953) suggests that there are changes in the size of the receptive field (both excitatory 
| 
| 


and inhibitory parts) and in the amount of inhibition, as we go Írom the centre 
towards the periphery. Other experiments (Hubel and Wiesel, 1959, 1960a, 1960b) 
have demonstrated a somewhat similar organization at higher levels in the central 
f nervous system, and suggest a highly complex interaction of retinal and central 
, factors. These experiments do not yet, however, give a clear indication of the 
kind of change to be expected in simultaneous contrast with variation of retinal area 
in the human being. f i 
In this paper we are discussing the effect of magnifying the contrast-inducing 
display, so as to throw the test patches of Figure 1 wholly within or wholly outside 
the fovea, as opposed to viewing peripherally a display of constant size. Thg effect 
of very short exposures, so as to preclude eye-movements, is also considered. 


FIGURE 1 


B (White surround) D (Black surround) 
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Display and apparatus 

In both the experiments to be described, the display to the subject was of the con- 
ventional type illustrated in Figure I. Area (A) is a “grey” square seen in a “white” 
surround (B), while (C) is a “втеу” square Which is seen against a “black” surround (D). 
This display was produced by taking a piece of white cardboard and covering one half (D) 
with black paper, The squares (A) and (C) were windows cut in this cardboard, behind 
which there were other cardboard surfaces (A) and (C) whose luminance could be varied 
independently. The luminances of all surfaces were measured (from the direction of the 
subject’s eye) with an Ilford S.E.I. Photometer. The windows were separated-by an 
arbitrary distance equal to the length of their own sides, and the fixation mark (F) was 
symmetrically between them. 

Details of the dimensions, conditions of viewing, and the luminances employed will 
be given in the accounts of the two experiments. 


EXPERIMENT I 

In the first experiment the display card measured 20 in. X 25 in., and the windows 
had sides of т in. and were separated by 1 in. The subject, using a head rest, viewed the 
card from a distance of about 6 ft. under three different conditions of magnification which 
altered the size of the squares (Fig. 1), in terms of visual angle, as follows :— 

(a) through a prismatic monocular, giving squares of 5° visual angle; 

(b) without optical apparatus (squares 1° visual angle) ; 

(c) through a black tube at the far end of which there was a concave lens (squares 

20’ visual angle). 
Thus, on fixating the mark (F) both squares would throw their images outside the fovea 
in one extreme case, and onto it in the other. 

The illumination of the three surfaces, (A), (B) and (C) was provided by three separate 
150-watt lanterns with adjustable crossed polaroids. Those illuminating (A) and (B) 
were pre-set by the experimenter, while the control handle of that illuminating (C) was 
within reach of the subject’s right hand while he was looking at the display. 


The luminance of (A) was set at 2:5 ft.-L. and that of (B) at то ft.-L. Stray light 
caused the luminance of the “black” surround (D) to be about 0:2 ft.-L. 

There were ro subjects. Their instructions were to adjust area (C) until it “looked 
the same brightness" as area (A). Eight readings for each condition of magnification 
were givén by each subject. Usual precautions were taken about ascending or descending 
values of the variable, and to show the three magnifications in different orders to different 
subjects. The complete session lasted about half an hour. 


Results 


. The mean results are given in Table I. They are expressed in “degree of contrast,” 
i.e. the ratio o? the luminance of (A) to that of (C), at the point of subjective equality. 

_ Itisclear from inspection that these results do not show any general or statistically 
significant trend towards a change in the degree of contrast when the test patches 
are inside or outside the fovea. They do however suggest that there are differences 
between different subjects in that those who show a high degree of contrast with one 
size of test patch also tend to show it with another. 


TABLE I 


Ratio OF THE LUMINANCE OF THE STANDARD TO THE LUMINANCE OF THE VARIABLE 
FOR EACH SUBJECT UNDER EACH CONDITION 


Subject) KJB | ЈМО | GSJ | AOG | PAR | AJW | DJM| РІС | JGR | BM 
Size of j 
square Degree of contrast Average 


5° | 163 | 1:79 | 2:17 | 2:27 | 2:50 | 2:78 | 2:04 s i y © 

eum 3713 | 348 | 417 | 707 
, | PES | 2:00) | 2:09 | 3:34 7 2:39) || 3:48 | 2:23 | 3:05 | 4:39 | 3°13 E 

20 roo | 1:28 | 2:00 | 3:48 | 2:27 | 3:05 | 2'17 | 2'45 | 410 | 3'OI 2:48 


| 
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` There are two main criticisms of this experiment. The first is that an alteration 
in the adjustment of the polaroids used caused a colour change as well as a brightness 
change; and the second is that even the most experienced observers doubted their 
ability to maintain fixation well enough for reliable observations on the 20' squares. 
Small involuntary eye-movements could produce a kind of integration of after- 
images in each square, which could be mistaken for simultaneous contrast. Experi- 
ment II was designed to overcome both of these objections. 


ExPERIMENT II o 


In some informal preliminary trials using a display in which both the test patches 
(A) ang (C) were of equal reflectance, a large number of subjects (about 50) were asked 
to compare the contrast effect in continuous viewing by tungsten light with the cofitrast 
effect when the display was illuminated by an electronic flash of about, one millisec. 
duration. A big majority reported that the contrast effect was greater with the flash. 
But, as the conditions of viewing were not standardized, a more controlled experiment was 
considered necessary. 


Apparatus 


The display was of the type described in Experiment I. The square windows had 
sides of 2} in. and were separated by 2} in. Behind the screen was a grey paper (C), 
which served as a standard, and a range of eight different grey papers (A), which could 
be displayed one at a time. 

The display was illuminated by a 2 in. х 2 in, projection lantern, fitted with a 150-watt 
bulb and enclosed in a light-tight box, at a distance of 6 ft. from the display, and aligned 
and focused so that no direct light fell on the black half of the display screen. 

The lantern was fitted with a Compur photographic shutter, which could be set to 
deliver flashes of т/тоо sec., or exposures of longer duration, by timing with a stop watch. 
A fixation point (F) was provided by making a hole in the display screen, directly between 
the test patches. Behind the hole was enclosed a small torch bulb. 

The luminance of the surrounds and the test patches were measured by means of an 
Ilford S.E.I. Photometer. Tt was also ascertained with this photometer that any gradient 
of illumination over the white surround and over the test patches was negligible. 

The luminance of the white surround (B) was 3:2 ft.-L., that of the black surround (D) 
was unmeasurable on the photometer, and was therefore less than ovor ft-L. The 
luminances of the variable (A) lay between o:80 and 4:35 ft.-L., while the standard (C) 
waso:58ft.-L. The experiment was done ina large room which was blacked out. Between 
readings, only the fixation point (F) was illuminated. - 


Method 


. The experiment was designed as a group experiment. Ten subjects were used; five 
in each at ae sessions. They were узи Ho the staff and research workers of the 
Psychological or Physiological Laboratories in Cambridge. The subjects were instructed 
to make judgements concerning the variable on a five-point scale as follows :—much 
brighter; brighter; equal or ‘different, but impossible to sayin which direction the difference 
lies"; darker; much darker (than the standard). Р 

Half the judgements were made from the front of the room, at a distance of 7 ft. from 
the display, where the stimulus patches subtended about 2° of visual angle, and half from 


© 


the back of the room (distance 25 ft.), where the patches subtended about 30’. Likewise 


half the judgements were made on a ro-sec. exposure of the display, and half were made 
Оп а т /тоо sec. exposure. Thus each variable was presented once under each condition: 


2° аһ, 2? continuous, 30’ flash and 30’ continuous. i 
Before presenting Ca variable, the experimenter called out a letter, which the 

Subjects wrote down together with their judgement; three letters were allotted to each 

Variable, so that it was highly improbable that the subjects could identify any variable 


by its letter, 
Results 


The results given in Table II indicate the number of subjects showing definite 
evidence of contrast for each variable under each condition. It is evident from this 
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table that under all conditions the majority of subjects showed a degree of contrast 
(the ratio of the luminances of (A) to (C)) of between 2:1 and 4:1. 


TABLE II 
NUMBER OF SUBJECTS (N = 10) REPORTING “А” TO BE “DARKER” OR "MucH DARKER" 
THAN “С” UNDER EACH CONDITION. * 


(None of the subjects knew that “A” was, in fact, always lighter than ''C.") 


) 


_—— —— 
ү Ratio of luminances (А [С) 

Size of | Exposure E 1 
square time 1°2 2:3 зо 31 33 37 43 T2 


29, IO sec. 9 yi 5 5 6 3 2 о 
т [тоо sec. 8 6 3 5 3 6 3 о 
30° IO sec, 10 9 6 6 5 4 2 о 
1/100 sec. 9 8 7 5 5 4 3 о 


—_——— 


The data are insufficient for detailed statistical analysis, but it is clear from 
inspection that these variations in the area of the test patches or in the duration of 
exposure do not greatly alter the order of magnitude of the contrast effect. Exposure 
of the display for a period short enough to preclude eye-movements does not eliminate 
contrast. 


SUBJECTIVE COMMENTS 


During these experiments we have been very much struck by a point which seems to 
have had little emphasis in the literature, namely the subjective difficulty of making а 
brightness match when the display is of this kind. Some comments by very experienced 
observers (all of them authors of scientific papers on various aspects of the psychology or 
physiology of vision) were: 

“T can see that these two patches are the same colour, but I have the same sort of 
difficulty as in heterochromatic photometry” (H.B.B.). 

“Tt depends how naive you want me to be; do you want me to say when I believe those 
patches are really of the same luminance, or to make some other sort of judgement? 
(W.A.H.R.). я 
(к bor match them, because that on the black (surround) has a self-luminous quality’ 
(о zr begins to realize how complex the relations between contrast and constancy аге” 

Less experienced subjects were, of course, less explicit about the nature of the difficulty; 
one, however, said: 

“T attempt to adjust it so that the surfaces behind the two windows look as though 
they are parts of the same object" (K.P.W.). Apparent colour differences were reported 
by several subjects, as was a tendency to compare the brightness of the test patch, not 
with the comparison patch, but with the surround. There were very few who thought 
the judgements were at all easy. 

In the second experiment, besides comments similar to those noted above, two of the 
subjects reported that under the 30’ condition the judgements were easier to make, 27 
brightness differences were "more pronounced.” 


DISCUSSION AND CONCLUSION 

The results of these experiments are mainly negative: no striking difference 15 
found in degree of contrast for foveal and extra-foveal test patches. 

The finding that there was little change in the average degree of contrast when 
the display was magnified may not, however, be a reliable indication of similarity 
of function in the retinal areas concerned. Leibowitz, Mote and Thurlow (1953) and 
Newson (1958) have shown the importance of close proximity between the test ай! 


" 
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inducing fields, and it might well be that the effect would be greater if the test patches 
were viewed peripherally, but kept at a constant size: some experiments by one of us 
(P.B. unpublished) suggest that under some conditions this is actually the case, and 
also that an increase of contrast is found towards the periphery. 

Similarly, the fact that in Experiment II, when magnifying the test patches, the 
surround was also magnified, should have little bearing on the results. According 
to the authors quoted above, the difference in the size of the surrounds under the two 
conditions would have a negligible effect. 

The rather large scatter between subjects, as illustrated in Table I, seems likely 
to be related to the subjective difficulty of the observations. 

It may, in fact, be suggested that the subjects were being instructed to use criteria 
inappropriate to the situation; that they were being asked to make a judgement which, 
at least for some values of the variable, was not possible in the circumstarices. The 
differences between subjects would suggest that they might have been using, perhaps 
unwittingly, different criteria for their judgements, and this is supported by comments 
such as those listed above. 

The suggestion from Table I of large individual differences, between subjects has 
been further investigated by one of us (P.B. unpublished), and the results tend to 
confirm these findings. 

In view of these difficulties what is obviously wanted is a better method of 
measuring contrast. 


We wish to express our thanks to Professor O. L. Zangwill, Dr. H. B. Barlow" and 
Dr. F. W. Campbell for advice and discussion, and to the Medical Research Council, from 
whom one of the authors (P.B.) is in receipt of a grant. 
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IMMEDIATE MEMORY IN DIALLING PERFORMANCE 
WITH AND WITHOUT SIMPLE REHEARSAL 


BY 


ALASTAIR HERON 


From the Medical Research Council's Unit for Research on Occupational Aspects of 
Ageing, University of Liverpool 


This experiment was designed to explore the effects of simple rehearsal on immediate 
memory in telephone dialling performance in a sample of 36 men aged 45 to 60 for whom 
data on intelligence, vocabulary, emotional stability and occupation were available. 

The eight-digit messages were the same as those previously used by Conrad in a study 
of telephone operators which compared performance on dialling and keysender equipment. 
Using a Latin square design, subjects were required to dial то eight-digit messages in each 
of six conditions (three with auditory and three with visual presentation). Dialling was 
carried out (1) immediately the message had been presented; (2) after it had been once 
vocally rehearsed by the subject; (3) after it had been written down while being vocally 
rehearsed. A complete record was obtained of all performances, at rehearsal and at 
dialling. 

It was found that with auditory serial presentation, immediate vocal rehearsal and 
immediate dialling are equally good and both superior to dialling which followed vocal 
rehearsal With visual simultaneous presentation, immediate vocal rehearsal is clearly 
superior to dialling with or without rehearsal, which do not differ. Performance after 
written-down rehearsal was the worst in both modes of presentation. 

A non-linear relationship between intelligence and performance was found, and acute 
individual differences in performance were observed among the subjects of the highest 
intelligence. 


INTRODUCTION 


In a recent paper on experimental psychology in the field of telecommunications, 
Conrad (19604) refers briefly to the decay theory of immediate memory as "relevant 
to the problem of remembering a series of digits—say eight or nine—for long enough 
to dial them by telephone." He goes on to point out that decay theory is interesting 
in this context "because the telephone dial forces on the person dialling a series of 
delays between digits—of an average duration of nearly a second." The result of 
these enforced delays is, consistent with decay theory, that the chances of dialling 
the wrong number are increased (Conrad and Hille, 1958). 

The experimental subjects in the studies reported by Conrad, in the paper quoted 
and elsewhere, are without exception young, with ages in the range 18 to 30 years. 
Although there does not appear to be any fall-off with age on the Digit Span subtest 
of the Wechsler Adult Intelligence Scale (Birren, personal communication), it does 


not follow that dialling performance will also remain constant: the effects of the” 


enforced delay referred to by Conrad may be greater among older subjects. 


The objects of the present experiment were as follows :— 


(т) To ascertain whether simple rehearsal of the message was capable, despite 
the added delay involved, of improving performance at dialling as compare 
with immediate dialling. 


(2) To obtain data from older subjects which could be compared with those of 
Conrad on young subjects. > | 


co ee” ——————————— a 


- Score is at the lower end of the ''uisociable" range (6 and up). 
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(3) То explore, іп a preliminary way, the differences in dialling performance, with 
and without simple rehearsal, which result from delivery of the message to 
the subject by (a) serial auditory presentation and (b) simultaneous visual 
presentation. (The first mode of presentation is of course identical with 
that involved in using the “Directory Enquiry" service; the second, as will 
be seen, was roughly analogous to looking-up the number in a directory 
oneself.) 


METHOD 
Apparatus " 

The subject was seated at a table on which was placed a conventional British G.P.O. 
dial telephone, the handset of which was not used. Under conditions of auditory presen- 
tation, messages were fed into a pair of headsets, one worn by the subject and one by the 
experimenter. The sequence of digits dialled was recorded electrically on a visual display 
placed in front of the experimenter. Vocal rehearsals by the subject were tape-recorded: 
a record of written rehearsals was obtained by using a modified cash-till, of the type still 
occasionally seen in village shops. Each amount is written down by the shop-keeper on 
a paper strip, through a small slit in the top of the till. The action of opening the cash 
drawer moves the paper on by means of a ratchet mechanism. By using a stripped-down 
version of this simple device it was possible to obfain a permarrent record of what the 
subject wrote down when rehearsing, while still being able to remove what he had written 
before dialling commenced. (A possible disadvantage of this method, to which the 
attention of the writer has been drawn, is that the noise of operation may have impaired 
the performance of some subjects.) Л : Г 

The visual display was by means of an endless-loop film-strip, using automatic pro- 
jection on a ground-glass screen. The eight-digit message was visible to the subject 
through a 14 in. aperture, 9 in. in length, at a distance of 8 ft., 45 degrees to the left ef the 
sitting position. 

Stimulus material 

Six lists of ro eight-digit messages were prepared from the supply of 80 such messages 
employed by Conrad (1958). Each digit occurred an equal number of times in each serial 
position, obviously easy phrases being avoided. For auditory presentation, hese lists 
of messages were tape-recorded at a rate of 72 digits per minute; the visual display of 
each message was of 8 sec. duration. A standard interval of 40 sec. between messages 
was used under both conditions of presentation. 


TABLE I e 
DETAILS OF EXPERIMENTAL POPULATION z 


P.M.— Progressive Matrices 1938; MHV—Mill Hill Vocabulary, Senior Synonyms; 
1, H-2—Heron Two-part Personality Inventory, scores for emotional instability and 


unsociability respectively. 


Subjects д, 
The subje male members of the Medical Research Council voluntary subject 
panel at Lie К Ve will be seen in Table I, the mean age is 51:4 years; the group 
mean on Progressive Matrices 1938 is equal to that given by Raven for the 5oth percentile 
Up to the age of 30, and it falls between the 75th and goth percentiles for age 50. The 
Mean score on vocabulary is equal to that for the 75th percentile at all ages between 
25 and 55, while that on Part 1 of the Heron Inventory (emotional maladjustment) lies 
at the upper end of the “probably well-adjusted’”’ range (o-7). On Part 2 the mean 


^ 
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Design ~ 
There were six experimental conditions, as follows: 
Auditory presentation " Visual presentation 
I Immediate dialling 4 
2 Vocal rehearsal before 5 
dialling А 
3 Simultaneous vocal and 6 
written rehearsal before 
dialling 


"These six conditions were randomized in six different 6 x 6 Latin squares, and each subject 
was tested under each condition with a different list of messages. 


Procedure 
In conditioas т, 2 and 3, the subjects were told first “You will hear the operator say 
"The number is .. . and then eight figures"; similarly in conditions 4, 5 and 6 they were 
told first “I will say to you ‘The number is...’ and then you willsee the eight-figure number 
here (pointing at display) for a few seconds." 4 


In conditions 2 and 5, the subjects were then told “(Immediately after the last figure) 
(Immediately the number disappears),but Not before, you are to say out loud what you 
have (heard) (seen), and then to dial the whole number. Do NOT DIAL UNTIL YOU HAVE 
FINISHED SAYING IT OUT LOUD.” 


In conditions 3 and 6, the subjects were told “(Immediately after the last figure) 
(Immediately the number disappears) but мот before, you are to write down the whole 
number saying it out loud as you do so. You will not be able to copy what you have written. 
Do хот DIAL until you have finished writing and saying the whole number." 

Atthis point each subject was given three practice trials under the appropriate display 
and response conditions. 

Under all conditions, the remaining instructions were as follows: “When you are 
dialling, please do not stop or hesitate, but there is no need to hurry—just work at the 
pace of the dial mechanism. (Pause) If you are doubtful or think you have forgotten 
one of the figures, just dial whatever you think is the most likely one. Do мот STOP the 
amoni operation of your dialling. (Pause) Have you any questions? . (PAUSE) Right- 
let's begin." 


(Note.—These final general instructions were not repeated beyond the third of the six 
conditions for any given subject, since such repetition could easily be annoying.) 


Administration 

Two female raembers of the M.R.C. staff shared the conduct of this experiment equally 
between them. Twelve subjects were tested during afternoons, 24 during evenings. 1 
Possible effects of these two extraneous variables (experimenter and time of day) were м 
tested, by analysis of variance in each case, using total number of correctly dialled 
messages under all six experimental conditions; no significant differences were found. 
It should also be noted that since all these subjects participated on the same 2-hr. visit 
in another experiment, care was taken to ensure that half the subjects took part in each 
experiment first before going to the other. 


RESULTS 


: A message was scored as correctly reproduced only when all eight digits were 
given in the correct order. No significant difference was found between the six 
Latin squares when the total number of messages dialled correct was used as a test 
score in an analysis of variance and they were therefore combined in all examinations 
of condition effects. 


z? 


Comparison within each display condition of results under different response conditions 


ў In Table II will be seen the results obtained under conditions of auditory and of 
visual presentation. Qi 


[^ 4 


\ 
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M TABLE II 


Mean NUMBER oF МЕЅЅАСЕЅ CoRRECILY DIALLED OR CORRECTLY RECALLED ON 
REHEARSAL (out ef a possible 10) 


———————————— 


Serial | Simultaneous 


` auditory visual 
presentation presentation 
Vocal rehearsal .. at pie 3:81 6:08* , 
Immediate dialling S ats 403 481 
Dialling after vocal rehearsal. . 3'19* 4°92 е 
иии... d LI 


* 3-19 is smaller (р < о'от) and 6-08 larger (p < 0-001) than the other two figures in 
their respective columns. : 


The first point to dispose of is the uniformly better performances under conditions 
of visual simultaneous presentation of the eight digits. Since there are no grounds 
for assuming any equivalence of stimulus, no detailed cross-comparisons are justified. 
What can be compared, however, are the two patterns of within-condition differences. 

. With auditory serial presentation, immediate vocal rehearsal or immediate dialling 
Without rehearsal are equally good, whereas with visual simultaneous presentation, 
immediate vocal rehearsal is significantly superior to immediate dialling. With 
auditory presentation, immediate rehearsal and immediate dialling are both superior 
to dialling which followed vocal rehearsal. With visual presentation, this is not the 
case. 

To avoid confusion, the results obtained when dialling after combined vocal and 
| written-down rehearsal have been omitted from the table. In both conditions of 
| stimulus presentation, these are the poorest dialling performances (2:58 and 3:92 
1 
|! 


Tespectively) possibly partly as a result of noise distraction. 


Effects on dialling of sbontaneous grouping during vocal rehearsal 

As might be expected, many subjects grouped the digits spontaneously fiuring 
vocal rehearsal; of those who did, the majority broke the message into two 4-digit 
Broups. No other split was used by a sufficiently large number of subjects to justify 
Separate treatment in statistical analysis of the data. It will be seen in Table IIT 


| 
| 


Errecrs OF SPONTANEOUS GROUPING OF DIGITS ON DIALLING AFTER VOCAL REHEARSAL 


——————— ————À M M — 


Ы Serial audilory presentation Simultaneous visual presentation 
* TR A Messages Not Messages Not 
ex correctly | Per | correctly | Per | correctly | Per | correctly | Per 
dialled | cemt. dialled | cent. dialled | cent, | dialled cent. 
Grouping in 
fous | бо | (38-0) 98 | (62-0) | 109 | (61-6) 68 | (384) 
Others... ss | azz) | 147. |(728) 65 (355 | 118 (64-5) 
115 245 174 186 
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that dialling following simple vocal rehearsal was significantly better among those 
dividing the message into four-digit groups; this was the case with both auditory and 
visual presentation, but the effect was much 1nore marked in the latter, the success 
ratio actually reversing for grouped performance. 


The location of initial error 

Since a complete record was obtained of all performances by all subjects under 
every condition, it has been possible to examine the serial development of the patterns 
of initial error. As will be seen in Figure 1, the two modes of presentation result in 
somewhat different cumulative error patterns. 


2 FIGURE 1 
Cumulative 
percentage 
errors 
r 
aor 
on 
40| I 
Fi ___ Serial auditory 
/ x presentation 
BAL Si _ _ _ Simultaneous visual 
We BS presentation 
7 
rd 
ке ыыы |с HM шг у П |} 
pe wae TE Sem Mee ТЕГҮ ПТ ТЕПЕ 6777 8 
position Я Rehearsal Dialling 


Vocal rehearsal followed by dialling: cumulative percentage of errors at each point 
in the digit sequence. 


With serial auditory presentation of the messages, errors occur in a smooth pro- 
gression through digit positions x to 6, with only a slight spurt at position 3. Ninety 
per cent. of the eventual total number of errors have been made during rehearsal 
before dialling commenced. This pattern of error contrasts sharply with that shown 
for simultaneous visual presentation, where less than 20 per cent. of errors occur in 
the first four positions, half occur at position 5 and 6, and only 76 per cent. have been 
made before dialling commences. | 

А Of the 136 and 217 messages correctly vocally rehearsed under auditory and 
visual conditions respectively, ттт and 173 (81:6 and 79:7 per cent.) were then 
correctly dialled: the further loss during dialling was in both cases accounted for by 
initial errors distributed over the first five digits. 

Of the 118 and 175 messages which were correctly rehearsed both vocally and in 
writing under auditory and visual conditions respectively, 92 and 142 (78-0 and 811 
per cent.) were then correctly dialled. = 


} 


Y 
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Errors 


The most clearly-definable type of error is that of transposition, involving two or 
three adjacent digits. This type accduntéd consistently for just over a quarter of 
the errors made when dialling under auditory presentation conditions. With visual 
presentation, the same proportion obtained for dialling after rehearsal, but in the 
case of imrhediate dialling, transposition errors were only 16 per cent. of the total. 
In immediate vocal rehearsal, the proportion was about a third for both modes of 


presentation. 
‹ 


TABLE IV 


TRANSPOSITION ERRORS 


. è 
Serial Simultaneous 
auditory visual 
presentation presentation 
Percentage Percentage 
of total errors | of total errors 
Immediate dialling Ее He, 27:9 16:0* 
Vocal rehearsal .. RS si 32°7 35:5 
Dialling after rehearsal D 26:1 29:0 
* Significantly different (p < o:or) from the other figures in the column. е 
Intelligence 


Inspection of bi-variate plots of the association between non-verbal intelligence 
and performance indicated considerable non-linearity. The 36 subjects were therefore 
divided into three groups: Highs (48-56), N = 13; Mediums (40-47), „№ = 10; 
and Lows (28-39), № = 13. (The unequal division was dictated by tied scores around 
the upper and lower one-third cutting points). The resulting analysis is set out in 
Table V, from which it will be seen that the association with non-verbal intelligence 
varies with the mode of presentation and also with the performance under con- 
sideration, Since it can be predicted that subjects of high intelligence should 
perform better than those of lower intelligence on a task involving memory for digits 
of a considerable span, a one-tailed test has been used in assessing significance. 


TABLE V 


ASSOCIATION BETWEEN INTELLIGENCE AND PERFORMANCE AT REHEARSAL AND DIALLING 
(MESSAGES CORRECT) 
————————————— 


Y Serial auditory | Simultaneous 


presentation | visual presentation 
E H M L H M L 
Vocal rehearsal .. a .4 5:38 3°40 2:54. 7°38 5:20 5:46 
Immediate dialling — .. | 6:38 3:30 2:23 6:69 2:70 4°54 
Dialling after rehearsal «| 4°69 2:70 2:08 6:61 4:20 377 


А 
Differences between performances (rows) tested by Wilcoxon matched-pair signed- 

Tanks test; those between intelligence levels (columns) by Whitfield’s tau method. For 

Tesults see text. ^e e 
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Immediate dialling. Highs are superior to Mediums and Lows for both modes 
of presentation (р < 001). 

Immediate rehearsal. Highs are superior te Lows for both modes of presentation 
(P < 0-03) and also to Mediums for visual only (р < 0:05). 

Dialling after rehearsal, As for immediate rehearsal. 

With one borderline exception (I.D. visual) Mediums and Lows dc not differ 
significantly between themselves. i 

Comparison of performance within each level of intelligence. If the table is read 
downwards, it is possible to see whether the various performances differ among them- 
selves within every level of intelligence. In fact, they do not. Since one might 
reasonably predict that immediate vocal rehearsal would give results superior te those 
on either immediate dialling or on rehearsed dialling, a one-tailed test can be used 
for these two tomparisons. 

In the case of auditory presentation, the hypothesis is not sustained that per- 
formance on immediate rehearsal should be superior to that on immediate dialling, 
at any level of intelligence; for visual presentation, it is sustained (p < 0:03) at 
medium and low levels of intelligence but not at the highest level. 

Performance at immediate rehearsal is significantly better (№ < 0-03) than at 
dialling after rehearsal, at every level of intelligence in both modes of presentation 
except Mediums, auditory—and the difference here is in the consistent direction 
($ = 007). 

When comparing immediate dialling with dialling after rehearsal, a two-tailed 
test was used in the absence of any sound basis for a directional hypothesis. Con- 
sistent with the results already presented for the whole group of subjects (N — 36), 
no significant differences were found at any level of intelligence with visual presenta- 
tion. With the auditory mode, there was a significant difference for the Highs 
(р < 0:03); those for Mediums and Lows were in the consistent direction but not 
significant at the 5 per cent. level. From this it seems that the observed difference’ 
for the whole group is largely attributable to those subjects of the highest intelligence. 


Characteristics of best and worst performers equated for non-verbal intelligence 


Since the 22 subjects with the highest intelligence included eight of the best and 
also eight of the worst performers at immediate dialling under conditions of serial 
auditory presentation, it seemed worthwhile to examine other characteristics of these 
two groups. Table VI sets out the available information: it may be noted that the’ 
groups are equated for chronological age as well as for non-verbal intelligence, and 
that the two groups are consistently good and poor performers respectively in all 
three performances under both modes of message presentation. 


TABLE VI 


MEAN SCORES OF Two GROUPS, EQUATED FOR AGE AND NON-VERBAL INTELLIGENCE: 


ee 


| A оу | Visual | Personality tests 
4 À | 


RS: | 
Аде |Р.М. Voc. | V AR.| ID. | RD. V.R.| Т.Р. R.D.| Н, | H, | Wy 


ај. 
Wa W, 


Good |500 | 45-9 260 | 6'9 TS | 5:9 |86 |75 yı |82 | 5:9 |8о |75 erst 


performers | 

Poor 50:1 |46:2 | 23:9 | 
performers | 
| 


2'© 1 то [1б 6 


» 
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Personality differences. The only significant difference between these two groups 
of good and poor performers is in their scores on Wesley 3: this is based on a group 
of items from the Wesley Personality Rigidity Inventory which have been found 
(Chown, 1961) to define a factor associated with “liking for established routine.” 
The group of poor performers at dialling and recall appear to be more "rigid," in this 
defined use of the term. 

Occupational differences. The possibility that good performance—when age, 
intelligence and personality factors have been dealt with—might depend to some 
extent on what a subject was used to, received but slight support from inspection of 
occupational differences, 


DISCUSSION 
Age differences in performance 


Conrad (19608) reports the results obtained from three experiments using naval 
ratings as subjects, the first two of which employed eight-digit messages. Auditory 
presentation was used, but at 120 digits per minute instead óf the 72 d.p.m. used in 
the present experiment. No dialling was involved. : 

The average percentage of messages correctly recalled was about 60, as compared 
with the 40 per cent. of the older subjects at vocal rehearsal. This difference may be 
accounted for in part by the slower rate of presentation, since Conrad and Hille 
(1958) report 62 per cent. for a presentation rate of 90 d.p.m. and 43 per cent. for one 
of 30 d.p.m., again with young subjects but this time telephone operators. It seems 
unlikely, however, that the relatively small difference in presentation rate bétween 
go and 72 could wholly account for the present results, and an age-difference must 
at least be suspected. 

In another study (Conrad, 1958) young telephone operators dialled correctly 
50 per cent. of the eight-digit messages presented at roo d.p.m. Again the difference 
between this and the 40 per cent. obtained from older subjects may be paftly due to 
the slower rate of presentation. 1 

The interaction between differences in age and in rate of presentation clearly 
requires separate investigation. J 


The effects of simple vocal rehearsal е 
It is quite clear that simple vocal rehearsal of an 8-digit message adversely affects 
the performance of older subjects as compared with immediate dialling, using serial 
auditory presentation of the message. This may be compared with the finding of 
Conrad (19600) that a 5-sec. period for silent rehearsal did not affect the recall of his 
young navalratings. But it has been pointed out that silent rehearsal can be faster 
than vocal, and the possibility must therefore be considered that two or three rapid 
Silent rehearsals may have been enough to avoid decrement in the young subjects, 
vWhile a single vocal rehearsal on the part of the older ones either failed to do so or 
actually made matters worse. : А : 

* Some support for this is to be found in the results obtained using an 8-sec. display 
for simultaneous visual presentation. Clearly some subjects may have used this 
period for several rapid silent rehearsals, and this may partly explain the significantly 
better average performance at vocalrehearsal. This advantage does not fully extend 
to the subsequent dialling, but may have been enough to prevent it being no worse 
than was observed for immediate dialling without vocal rehearsal. і 

Taking the results as а whole, it seems reasonable to suggest that simple vocal 
rehearsal is contra-indicated: it does not help, and it may hinder. 


e 


е 
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Implications for decay theory 


The results of the present experiment are generally in accord with decay theory, 
It is however surprising that under conditions of serial auditory presentation the 
delay enforced by dialling does not affect performance as compared with immediate 
rehearsal This is, however, similar to the result obtained by Conrad (1958) when 
comparing performance on dialling with that on a keysender, which does not enforce 
a delay. Conrad found that the difference, although in the expected direction, was 
not significant, probably because of the much greater variation in dialling performance 
as compared with keysending. 

On the other hand, as already noted, the difference between immediate recall 
and immediate dialling for young subjects reported by Conrad is that between the 
60 pef cent. correctly recalled by his naval ratings and the 50 per cent. correctly dialled 
by the telephone operators (one can here hazard the guess that the latter figure might 
have been slightly lower had the subjects again been naval ratings). 

This leaves us with an age-difference in relation to decay theory which invites 
some sort of hypothesis by way of explanation. One possibility is that the older 
subjects have already forgotten so much before dialling commences that the additional 
delay imposed by the dial mechanism does not further affect their performance to 
any significant extent. This received some support from the fact that 9o per cent. 
of the errors made in rehearsed dialling had occurred during vocal rehearsal before 
dialling commenced. The writer has not so far been able to establish whether a 
smaller proportion of errors at the recall stage has been found with young 
subjects. 

Kay (1959) and Welford (1958) have drawn attention to the apparently greater 
effect on short term retention by older subjects of any form of intervening activity. 
What one is now asking is whether the arrival of another digit in a series constitutes 
“interference” in older subjects so great and so cumulative that in a series of eight 
digits the effect is enough to make the dialling delay relatively unimportant. It has 
been argued that this arrival of later digits in a series has its effect simply by delaying 
recall, and therefore that decay is wholly adequate as an explanation for observed 
decrement. This argument does not seem wholly acceptable and further experi- 
mental, work is needed to clear the point. Here we must observe that with simul- 
taneous visual presentation the enforced delay due to dialling did have a marked 
effect; as already noted, considerable silent rehearsal was possible during the display, 
and since it was simultaneous there is less question of “interference”; delay then 
appears as the major factor in the situation. 

There seems to be a possibility that when age-differences are taken into account, 
performance involving very short-term memory may require both “interference 
and "decay" theories to explain it fully. 


Individual differences 


_ The choice of eight digits as the length of message made it likely that differences 
in intelligence would affect performance on recall and probably also on dialling. А5 
we have seen, however, eight of the poorest performers were found among those 
subjects of the highest intelligence where eight of the best performers were also found. 
Whatever may be the nature of the association between immediate memory for digits 
among young subjects, it is clear that by the age of 50 years one must also reckon 


with other determining factors in performance. In this connection while bearing 


in mind the potential relevance of occupati i it i i 
т : ational experience it ly unwise to 
jump to conclusions. | Panem Че cleanly 
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REFERENCES 


Cuown, S. M. (1960). A factor analysis of the Wesley Rigidity Inventory: its relationship 
to age and nonverbal intelligence. J. abnorm. soc. Psychol., 61, 491—4. 

Conran, К. (1958). Accuracy of recall using keyset and telephone dial, and the effect of 
a prefix digit. J. appl. Psychol., 42, 285-8. 

Conrap, R. (ro60a). Experimental psychology in the field of telecommunications. 
Ergonomics, 3, 289-95. Я 

Сохвар, К. (1960b). Very brief delay of immediate recall. Quart. J. exp. Psychol. 12, 

+ è 


45-7. 

ES R., and Ник, B. A. (1958). The decay theory of immediate memory and 
paced recall. Canad. J. Psychol., 12, 1-6. 

Kay, H. (1959). Theories of learning and aging. Chapter 18 in Birren, J. E. (Ed.), 
Handbook of Aging and the Individual: Psychological and Biological Aspects. Chicago. 

Wetrorp, A. T. (1958). Ageing and Human Skill, London. , 


I04 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


SHORTER ARTICLES AND NOTES 


AN INVESTIGATION OF CHANGES IN AUDITORY 
SENSITIVITY DURING THE PERFORMANCE OF A 
MENTAL TASK 


BY 


J. R. SYMONS and С. К. MACKAY i 
, From the Department of Psychology, University of Aberdeen 


Auditory thresholds were measured while the subject was relaxed and while he was 
doing mental arithmetic. Thresholds were lowered under the second condition. Some 
possible explanations are briefly considered. 


INTRODUCTION 


In a well known paper, Bruner (1957) suggests that some reinforcement might be 
essential for a stimulus input to reach a level of activation where a “fit” could be 
made between the input and a previously established model. Although this idea 
would be technically difficult to test, he believes that what needs to be shown is that 
there is an onset of arousal impulses from the reticular formation while the observer 
is trying to figure out the nature of an input and a diminution of this activity following 
the identification of the object. In other words he would like to demonstrate that 
Bartlett's “effort after meaning” is dependent for its success on reinforcing stimulation 
from the reticular system. 

The problem posed by Bruner brings to mind an early experiment by Travis 
(1926) who measured the auditory thresholds of his subjects before, during, and after 
problem solving, serious reading, memorizing poetry, and reading a love story. 
Of his 35 subjects 27 recorded lower thresholds during the mental activity. It is 
possible that the small increase in auditory sensitivity indexed a general arousal of 
the organism, which is what Bruner would predict. In any event it was thought 
worth while to carry out the following small study. 


METHOD 
Apparatus 


A pure tone oscillator provided a signal of 1,000 c.p.s. The attenuator scale ranged 
from o dB to minus 80 dB. The output power at the earphones at o dB was 1 microwatt. 
Each subject was given a printed sheet of 15 questio: 
answers. The questions ranged in difficulty from question 1 “If you can buy one apple 
for 4d. how much would you pay for three apples," to question т 5: “Each letter represents 
a number between o and 9 inclusive. No two letters represent the same number, and in 


the case of the articles bought no two numbers represent the same letter. Solve the puzzle 
given that E equals 5. 
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Subjects 


Thirty subjects were randomly divided into an experimental group of 20 and a control 
group of то. Ages ranged from 8 to 62 years. The mean age of the experimental group 
was 27:8 years with a standard deviation of 15:7, and that of the control group 26:5 years 
with a standard deviation of 13:6. There were seven males and 13 females in the experi- 
mental group, and five males and five females in the control group. 


Procedure 


The light adapted subject, who was seated comfortably at a table, was told that the 
experiment was concerned with hearing ability, In the normal series (no mental task) 
he was instructed to look at a white sheet of paper on the table in front of him, and to 
concentrate on listening for the tone. In the stimulus series the subject was given a list 
of problems and was told to work through them, writing the answers down in the space 
provided. It was emphasized that of the two tasks the response to the onset of the tone 
was the most important, but that as many problems should be solved as possible. In 
both the normal and the stimulus series the subject responded to the tone by raising the 
index finger of his left hand. 

The experimenter used a modified method of limits. The gain was set at randomly 
determined positions between 5 and 20 dB. below the threshold of the subject established 
in the practice session. After a verbal signal the gain was continuously increased at a 
constant rate of 2 dB. per sec. until the subject responded, whereupon the gain was 
immediately returned to the next starting position. Catch trials were introduced into 
both the practice and the experimental sessions. No responses to catch trials occurred 
during the experiment. The sequence of events can best be summarized as follows:— 


Experimental group: i 
Practice period .. ж "s zm us e то min. 
А, Normal series 1, 10 threshold estimates aT e 10 min. 
Rests & an Ae 56 3 n 35 2 min. 
B. Stimulus series, то threshold estimates .. + IO min. 
(Resta A d. Ue td $9 as m 2 min. © 
C. Normal series 2, то threshold estimates .. “ә то min. 
Control group: 


е. 
The sequence of events was identical except that а normal series replaced the stimulus 
Series, е 


RESULTS 


The mean auditory thresholds obtained in each of the three series, normal series 
I and 2 and the stimulus series, for each of the 20 subjects of the experimental group 
are given in Table I, as are the standard deviations. Table I also includes the 
number of mental arithmetic problems correctly solved during the stimulus series. 
The corresponding data collected from the control group are shown in Table II. 
Since there is no stimulus series for this group there is no arithmetic score. Table ПІ 
Shows the means of these threshold values for each condition for both experimental 
and control groups. It also shows the differences between these means. These 
differences were tested, using Fisher's ¢ test. Тһе three differences obtained by the 
experimental group were significant at the о:от level. The differences obtained by 
the control group were not significantly different from zero. There was a negative 
correlation of 0:36 between the arithmetic score and the magnitude of the difference 
between the means of the first normal series and the stimulus series, with age 


"partialled out." % 


е 
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TABLE I 


EXPERIMENTALc GROUP 


————————————M5 


Means of xo threshold determinations and А 
S.D.'s of these determinations 
Subject A. Normal 1 B. Stimulus C. Normal 2 Mental 
age and n 3 Avith. 
sex Mean S.D. Mean SUD: Mean S.D. score 
24, female | — 51:8 dB. r3 | —552dB. r5 | —53:7 dB. r2 4 
24, female | —51-1 dB. r5 | —52-7 dB. I9 | —5r8 dB. 2:6 ^ 
27, female | 55:3 dB. o8 | —570 dB. r3 | —548 dB. II 12 
16, female | —54:0 dB. r'o | —55:2 dB. 2:7 | — 53:6 dB. о 5 
59, female | —45-4 dB. r5 | —466 dB. o8 | —454 dB. o:8 10 
31, female | —54:1 dB. 1 — 57:7 dB. I:I — 55:0 dB. I II 
13, male —53:2 dB. r5 | —560 dB. r4 | —52:9 dB. 0'9 6 
13, female | —52:5 dB, | r3 | —54:7 dB. то | —53:6 dB. r8 6 
37, female | —52:6 dB. o8 | —53y3 dB. ro | —53: dB. o:8 8 
16, male —53'4 dB. o8 | —56:3 dB. I'I — 52:2 dB. го 7 
16, female | —52:4 dB. o8 | —544 dB. LI | —52:9 dB. 0'5 7 
16, female | —37-7 dB. r7 | —4r5dB. I —40:6 dB. X34. 5 
59, male — 41:0 dB. о6 | —42:8 dB. 09 —41'9 dB. 07 5 
20, male —53:2 dB. o8 | —53:8 dB. r2 | —53:2 dB. 0:6 5 
27, male —52:3 dB. ro | —54:6 dB. o9 | —53'4 dB. о'8 4 
62, male —40:9 dB. | o6 | —446 dB. 0:6 | —4r:1 dB. 05 4 
45, male — 41:9 dB. I7 | —45:9 dB. ro | —42:7 dB. I4 4 
16, female | —51-0 dB. оо | —53:9 dB. o8 | —52:6 dB. og 2 
14, female | —52:3 dB. оз | —53-9 dB. o9 | —52:6 dB. o9 4 
25, male LO dB. 0:6 | —52:8 dB. o9 | —52:1 dB. 0-7 7 


2 


———————— ÀÀÀ— 


TABLE II 


CONTROL GROUP 


a_l 


Means of 10 threshold determinations and 
S.D.'s of these determinations 


Subject A. Normal 1 B. Normal 2 C. Normal 3 

age and MC 
sex” Mean S.D. Mean SEDI Mean S.D. 
27, male —53:2dB. | 08 | —526dB. | o — 52:6 dB. r6 
27, female —553dB. | ro | —552 dB. a d dB. | 95 
24, male —5r6dB.| rr | —5r4dB. | оу | —51-2 dB. o 
26, male —5r2dB. | оч | —srrdB. | o5 | —5r1-0 dB. o7 
29 male —49:3dB. | r8 | —482dB. | r5 | —48-4 dB. | 17 
27, female — 52:2 dB. I5 — 51:8 dB. r8 — 51:6 dB. г7 
8, female —44'1 dB. ro |.—43:6 dB. 1:5 | —44°3 dB. ro 
27, male — 56:9 dB. 1:9 — 57:4 dB. 23 —573 dB. r6 
10, female —51:5 dB. ro — 51:7 dB. 1-0 — 51:3 dB. 0:6 
62, female —37:8 dB. ro | —375dB. o6 | —375 dB. ob 
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TABLE Ш 
Experimental group P Control group 
Mean absolute auditory thresholds 
20 subjects 10 subjects 
А. Normal series т — 498 dB. A. Normal series т — 50:2 dB. 
B. Stimulus series —52:1 dB. B. Normalseries 2 — 50:1 dB. 
C. Normalseries2  —50:5 dB. C. Normalseries 3 — 50:4 dB. 
c Diffevences = 
А—В. 2:3 dB. A—B. отв, • 
B—C. 1-6 dB. B—C. оз dB 
A—C. o-7 GB. A—C. o2 dB. 
Drscussiox* . 


A number of explanations of varying degrees of plausibility could be suggested 
to account for the small improvement in auditory sensitivity which accompanied 
the mental activity of the experimental group during the stimulus series. It is 
possible that there is a general increase in muscle tonus occurring under these con- 
ditions which effects the peripheral auditory mechanism of the middle ear. Or it 
could be argued that there was a tendency for the subject to react more rapidly 
during the stimulus series and thus shorten the time of exposure to the mental 
arithmetic problems. But since the experiment was suggested by Bruner's specula- 
tions on the function of the reticular activating system in "effort after meaning 4 
another explanation should be considered. It is possible that any increase in muscle 
tonus accompanying this sort of mental activity would increase the activity level in 
the ascending brain stem facilitatory mechanisms. There is evidence that of all 
the sensory systems proprioception is particularly efficient in this respect. An 
explanation in terms of general arousal, an explanation which was advanced many 
years ago to explain the facilitatory effect of heteromodal stimulation, is congruent 
with Bruner's belief that some reinforcement is needed for a stimulus*input to reach 
a level of activation where a “fit” can be made between input and "model." : 

But it will be noted that the difference between the means of the first and third 
Series (normal r and normal 2) recorded by the experimental group is significant. 
While this result confirms that of an earlier experiment (Symons, 1949) in which the 
facilitatory effects of heteromodal stimulation on the auditory threshold was found 
to outlast the heteromodal stimulus by at least 7 min., it does not fit Bruner's 
requirement of a rapid fall in activation once the influx of activity has performed its 
function. The picture of the brain stem has become so vastly complicated since 
Moruzzi and Magoun (1949) published their pioneering paper on the function of the 
reticular formation that it would not be difficult to suggest how Bruner's requirement 
might be met. But this is not the place for such speculation. 

The small negative correlation between the number of problems solved and the 
Magnitude of the threshold shift suggests that the distribution of the subject's 
attention between the two tasks in the stimulus series is a critical factor. The work 
of Gregg and Brogden (1952) illustrates this point most clearly, and with their results 
in mind the subject was told that the auditory task was of more importance than the 
Problem solving. + % j 
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In conclusion, there is agreement between these experimental results and those 
reported by Travis. If the explanation which relies on the ascending facilitatory 
system of the brain stem is accepted the results of the two experiments give some 
support to Bruner's thesis. But physiologizing of this kind can all too easily leave 
solid ground, and for those thus tempted a re-reading of Brodal's Henderson Trust 
Lecture (1957) is a salutary exercise. Й 


These data were first reported by the junior author in a thesis submitted for the 
Ed.B. degree, University of Aberdeen. 

We gratefully acknowledge the technical assistance and advice given by Mr. C. J. S. 
Stuart, Senior Technician in the Psychology Department. 
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| A FURTHER STUDY OF PARTIAL REINFORCEMENT 
IN THE TURTLE 


BY 


R. C. GONZALEZ and M. E. BITTERMAN 
From the Department of Psychology, Bryn Mawr College 


е 


Two matched groups of mature painted turtles, Chrysemys picta picta, were trained in a 
simple tunway, one with partial and the other with consistent reinforcement, following 
which both groups were extinguished. The partially reinforced animals ran more slowly 
in acquisition, but showed somewhat greater resistance to extinction. ‘he results are 
compared with those obtained in analogous experiments with other animals. 


INTRODUCTION 


. This is one of a series of comparative studies designed tp explore the phyletic 
generality of certain theoretically significant phenomena of learning which have 
been established in work with the rat, hitherto the principal infrahuman subject of 
research on learning (Bitterman, 1960). One of these phenomena is the paradoxical 
effect of partial reinforcement on resistance to extinction. When work with the 
fish cast doubt upon the phyletic generality of the effect (Wodinsky and Bitterman, 
1959, 1960; Longo and Bitterman, 1960; Gonzalez, Longo and Bitterman, 1963), it 
seemed desirable to examine some intermediate forms, and an experiment was per- 
formed with some very young turtles (Pseudemys scripta elegans) in which, again, 
the paradoxical effect failed to appear (Eskin and Bitterman, 1961). A similar 
experiment with some adult turtles is reported here. = 


METHOD 


The subjects were 28 painted turtles (Chrysemys picta picta) selected from a larger 
group of about 50 animals which were collected in southern New Jersey during the 
summer months of 1960. They ranged in size (width) from 4 to 6 in. The anima]s spent 
the late summer and the early fall roaming freely in a small temperature-controlled 
greenhouse equipped with several shallow pools, an environment in whieh they seemed 
to thrive, During this time, there were exploratory experiments with ro of the animals 
in a trial runway under varying conditions of deprivation and reward. In November, 

\ 39 animals with no previous training were moved to a temperature-controlled room in 
the main laboratory, where the present experiment was performed. — 

In the laboratory, the animals were placed on a 21-hr. water-deprivation schedule. 
They lived on dry paper-towelling in individual, slate-bottomed, 5-gal. aquariums. Once 
each day, about 2 hr. after the daily experimental session, each animal was transferred * 
for 30 min. to another 5-gal. aquarium, containing shallow water, in which it received its 
daily ration of ground beef. (Water-deprivation and water-reward were used, because 
ood did not constitute a sufficiently dependable incentive.) Artificial sunlight supple- 
mented the normal room illumination for a period of 2 hr. each day. ў 

o The apparatus was a wooden runway, 8 in. wide, ro in. high and 6 ft. long, with a 
U-turn at the far end leading to a large tank of water. From the end-compartment 
of the runway, the animal could slide directly into deep water, and from there, if it chose, 
it could find its way to a region of shallow water. Provisions were made for the insertion 
of a wooden barrier between the end-compartment and the tank, which prevented entry 
into (or sight of) the tank. About 4 ft. from the starting compartment of the runway, 
there was a sliding door which could be inserted behind the animal to prevent retracing. 
About 5 ft. from the starting compartment, at a point from which the animal could see 

` neither the tank nor the barrier which prevented entrance into thetank on non-reinforced 
trials, a light-beam crossed the rugway and fell on a photocell recessed in one wall. 
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Each animal was given a single trial in the runway each day. A Standard Electric 
timer was activated when the animal was placed in the starting compartment and stopped 
by a photocell-relay when the light-beam was interrupted. The experimenter then 
closed the retrace-door, recorded the running time, and reset the clock. On reinforced 
trials, the animal was returned to its aquarium 1 min. after it had entered the water. 
On non-reinforced trials, it was detained in the end-compartment between the retrace 
door and the barrier for an equal length of time. j 

During the first seven days of the experiment, all runs were reinforced. On the 
basis of their performance in this initial stage of training, some animals were discarded 
for failure to run, and the remainder were divided into two matched groups, which 
(after a few losses due to occular infection as the work proceeded) numbered 14 animals 
each. During the next 40 days, training continued as before for the Consistent Group. 
For the Partial Group, only 20 of the 40 trials were reinforced, the sequence of reinforced 
and, non-reinforced trials having been constructed according to the rules of Gellermann 
(1933). If, on any training trial, an animal failed to traverse the alley in 5 min., it was 
urged forward gently, and a time of 300 sec. was recorded. One Partial animal was 
treated in this way on Trials r and 20, another Partial animal on Trial 20, and a Consistent 
animal on Trial 14. 

Extinction began on Trial 48, the procedure on extinction trials being exactly the 
same as on non-reinforced training trials with the exception that, during extinction, the 
animals never were urged to run. Upon entering the end compartment, the animal was 
detained for a period of 1 min. and then returned to its aquarium. If, on any extinction 

trial, the animal failed to enter the end-compartment in 5 min., it was removed directly 
to its aquarium, and a running time of 300 sec. was recorded. Work with any animal 
was terminated after three successive incomplete trials of this sort. The entire experiment 
was terminated after 78 days. 


E RESULTS 


In Figure 1, mean log time is plotted for the first seven trials of acquisition and 
for the 31 trials of extinction. On the first seven trials, which were consistently 
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reinforced for all animals, there was a continuous, negatively accelerated decline 
in running time. The curves for this period illustrate the degree of control which 
was achieved over the behaviour of the animals, as well as the equality of the two 
groups to the point at which partial reinforcement was introduced. During the 
next 40 days, however, the running times of the Partial Group began to exceed those 
of the Consistent Group. An analysis of variance based on these times yields a 
significant Groups effect (F = 7-05 with x and 26 d.f., ф < 0-05), a significant Days 
effect (Е = 4:37 with 39 and rjor4 d.f., р < 0:05), and an interaction which falls 
short of significance (Е = 1:09 with 39 and 1,014 d.f., p > 0:05). e 

At the start of extinction, then, there was a difference in the running times of 
the tw6 groups. That difference, and its rather rapid disappearance, may be Seen 
in the extinction curves of Figure r. Later in extinction, the two groups began to 
differ once more, but in the opposite direction; while the Partial Gróup ran more 
slowly at the outset, the Consistent Group ran more slowly toward the end. This 
new divergence of the curves reflects a differential resistance to extinction, greater 
in the Partial Group than in the Consistent, which began to be manifested only in 
the last ro days of extinction. At the termination of the experiment, ro of the 
Consistent animals and four of the Partial animals had met the criterion. The 
probability of obtaining a difference this large by chance is approximately 0:05 by 
the Median test. The experiment was terminated at this point, because the test 
could not be affected by the outcome of further trials. 
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Discussion 


These results may be compared with those obtained in analogous experiments 
with rats (Weinstock, 1954, 1958), with immature turtles of another species (Eskin 
and Bitterman, 1961), and with African mouthbreeders (Longo and Bitterman, 1960). 
Each experiment involved a simple instrumental response (running'in a runway 
or striking at a target), a temporal measure of performance, a 24-hr. intertriafinterval, 
and equated trials with 50 per cent. or 100 per cent. reinforcement. The results for 
tats show greater resistance to extinction after partial than after consistent rein- 
forcement, The results for mouthbreeders show precisely the reverse effect—greater 
resistance to extinction after consistent than after partial reinforcement. The results 
for turtles are in a certain sense intermediate between those for the higher and the 
lower forms. In the experiment with immature sliders, there was no appreciable 
difference in the resistance to extinction produced by the two percentages of rein- 
forcement. Inthe present experiment, there was some indication of greater resistance 
to extinction after partial reinforcement, but it was a small effect, of borderline 
Statistical significance, which appeared only in the later stages of extinction. The | 
effects found in parallel experiments with fish and rat have developed early. In 
this respect, the present results are reminiscent of those obtained in experiments 
Хп the fish under conditions of massed practice (Wodinsky and Bitterman, 1959, 
1960); in those experiments, differences between Partial and Consistent Groups, 
although opposite in direction to the one found here, also appeared only rather 
late in extinction. AES 

Just how this array of findings should be interpreted, it is difficult to say at 
Present. Resistance to extinction in any given species probably is mediated by a 
Variety of interrelated processes whose relative importance, at the very least, may 
vary from species to species, if, indeed, the same processes may be assumed to operate 
in all species. It is conceivable that the factors responsible for the paradoxical 
effect in the rat tend also to produce such an effect in the turtle, and in the fish, but 
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are overborne by competing factors which are weighted more heavily in the turtle, 
and still more heavily in the fish. It is conceivable, too, that certain of the factors 
which make for the paradoxical effect may be unique to higher animals. Much more 
work may be necessary to give us some fundamental understanding of these problems. 
A few comparative experiments do, however, seem to have put them in more realistic 
perspective, dispelling some of the oversimplified notions engendered byyrat-centred 
research. 


This study was supported by the Office of Naval Research under terms of Contract 
Nonr-2829 (or). Mr. Gonzalez participated in the work during his tenure of a Post- 
doctoral Fellowship awarded by the National Institute of Mental Health, U.S. Public 
Health Service. Miss Ellen Gower gave valuable assistance in the preliminary” stages 
of the experiment. 
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ENSEMBLE SIZE AND SELECTIVE RESPONSE TIMES 
WITH A CONSTANT SIGNAL RATE 


BY 


JOHN BREBNER and IAN GORDON 
From the Psychology Laboratory, University of Exeter 


Using a selective response task in which subjects were required to respond only to 
one of a number of alternative digits, although signal rate was held constant, the latency 
of selective responses was found to lengthen as the number of alternatives increased. 
This finding does not support the inference drawn from the work of Mowbray (1960) 
that, with signal rate held constant, there should be no significant lengthening of reaction 
times as the ensemble of digits increases. 


INTRODUCTION 
€ 


Mowbray (1060), investigating the effects of increasing choice on the speed of the 
highly practised response of naming Arabic numerals, reports that no increase in 
vocal reaction times was found when the degree of choice was varied between 2 
and то signals. These results were obtained in a situation in which each signal had 
a separate response associated with it. However, in a second situation, which we 
shall refer to as a “‘selective response" task, subjects were required to respond only 
to one of a number of digits and here Mowbray observed that reaction times lengthened 
as the number of alternatives increased. 

In Mowbray's selective response task digits were always presented to the subject 
at a constant rate of one every 2:5 sec., so that the signal rate, i.e. the frequency of 
occurrence of digits to be responded to, decreased as the number of alternatives 
increased. It is this feature of his experiment apparently, which has led Mowbray 
to claim that, “there is strong, if not conclusive evidence that the variables of inter- 
stimulus interval and stimulus rate operated to produce latencies that decreased as 
the interval increased, andincreasedasthestimulus rate decreased." — ("Inter-stimulus 
interval" refers to the actual intervals between digits to which responses are required.) 

Mowbray, in attributing the increase in response latencies to the decrease in 
Signal rate, appears to have dismissed the possibility that the longer reaction times 
Observed are due to the increasing ensemble of digits. Now, in view of his own 
interesting finding that in choice response tasks the latencies of highly practised 
responses may be constant over a wide range of signal ensembles, Mowbray's inter- 
pretation of his results is an understandable one. Nevertheless, to determine whether 
the longer response latencies should be ascribed to the increasing number of possible 
digits or to the decreasing frequency of signals it would be necessary to vary these 
independently. Accordingly, the present experiment was conducted to test the 
hypothesis that selective reaction times lengthen as the number of alternative digits 
increases when signal rate is held constant. 


METHOD 


Three subjects—the authors and a naive junior laboratory technician—took part in 
the experiment. The subjects sat at a table in a darkened room facing, and at a distance 
of т metre from, a опе plane digital display unit (Counting Instruments Ltd.) on which 
illuminated Arabic numerals 1 in. in height appeared at regular intervals and in random 

^. E 


© 


II4 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


order. To avoid the risk of subjects learning the order of digits, a system of two uni- 
selectors was used to provide a pre-selected sequense, taken from a table of random 
numbers, which repeated in each of the three conditions only after 2,450 digits had been 
presented. The number of occasions on which particular digits were presented was 
balanced, as nearly as possible, in the sequence of 2,450 digits. It should be noted, 
however, that the subjects dealt only with part of the total sequence in any test-session. 

In the first condition the digits I and 2 were presented to the subject, in the second 
condition the digits 1, 2, 3 and 4 were used, and in the third and last condition all the 
digits from 1 to 8 inclusive were shown. In all three conditions the subject responded 
only to the digit 2. The response required was to depress a morse-type key as quickly as 
possible with the thumb of the dominant hand. The thumb response was chosen purely 
because it left the subject’s hand in a comfortable, natural position during the experiment. 
Reaction times were recorded on a chronotron (1,000 millisec. Full Scale Deflection). 

Totals of 600 reaction times in each of the three conditions were obtained fróm the 
subjects in 18 separate test-sessions in each of which roo response times were recorded. 
The order of test-sessions was such that any condition (two, four or eight alternatives) 
followed all conditions on an equal number of occasions. The most important feature 
of the experiment is that the rate at which the digits were presented was varied so that 
the mean interval between signals was held constant. The actual rates employed were 
60 digits per minute in the eight-digit condition, 30 per minute in the four-digit condition 
and 15 per minute in the two-digit condition. Unfortunately, although for the most 
part each subject had one morning and one afternoon test-session per day, slight irregu- 
larities were introduced by unavoidable commitments. 


RESULTS 


The mean reaction times for the three subjects in the three conditions are shown 


in вав г. The results of analysis of variance carried out on the data are shown in 
able I. 


TABLE I 
ANALYSIS OF VARIANCE 
Source d.f. M.S. F. vatio Significance 

Conditions 2 56,538 807-7 p «oor 
Subjects in 2 10,529 150°4 р «ooi 
Practice Y te ae zs 5 566 8-1 р «oor 
Conditions x Subjects o 4 317 45 р «ool 
Subjects x Practice .. то 167 2'4 p < 0:05 
Conditions x Practice .. М то 77 IU p > 905 
Residual . . ae oe ag 20 70 — E 


While the analysis shows the Practice effect to be significant, it is clear from the 
Practice x Conditions interaction that the difference between conditions is unaffected- 
by practice, in other words the longer reaction times found with the larger ensembles 
do not—at least with this amount of practice—become as short as those found with 
the smaller ensembles. Such a finding confirms Mowbray’s own observation regarding 
selective reaction times. The main finding of the present experiment, however, is 
that even when signal rate is held constant significant differences are observed in 
selective reaction times when the number of alternative digits is increased. In view 
of the extremely large F-ratio found for Conditions the fact that the:two interactions 


Conditions X Subjects and Subjects x Practice are also significant seems relatively 
unimportant. 
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From the finding (Mowbray and Rhoades, 1959) that differences in reaction times, 
Such as are typically observed under varying degrees of choice, can be eliminated 
With sufficient practice, it could be argued that subjects in the presenf experiment 
would, had they been given prolonged practice at the task, have reduged their 
response times to a constant level. And, although practice appears not to affect the 
differences between the three conditions in the present experiment, in order to 
consider the effect of increasing the number of alternatives when the response involved 
is a highly practised one, it was decided to follow Mowbray's own example ineusing 
the highly skilled vocal response of naming digits. In ап experiment which paralleled 
the one described in every respect, except that in this case a voice key was used, 
and a response was made by calling aloud “Two” whenever the digit 2 appeared, 
50 reaction times were obtained from each of four male undergraduates in the three 
conditions. The only function these results are intended to serve is to indicate 
Whether the relationship between ensemble size and selective response latency, 
observed by Mowbray for highly practised responses, also holds when signal rate is 
held constant. The mean reaction times for the three conditions are shown in Figure 
et The difference between mean reaction times proved to be significant (¢ = 4:11, 
P< 0-05 between the two and four digits conditions. ¢ = 3:77, P < 005 between 
the four and eight digits conditions). 


DISCUSSION 


The results presented above support the hypothesis that the effect of increasing 
the number of alternative digits is to lengthen selective reaction times, and show 
that the slowing observed by Mowbray cannot be ascribed solely to differences in 
Signal rate. Since, by changing the number of possible digits, we are altering not 
One, but several variables in the*situation, e.g. the proportion of signals and the 
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FIGURE 2 
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number of categories of digits to which the response is withheld, a more exact specifi- 
cation of what such slowing is to be attributed to must await further research. The 
relationship between reaction times and the number of alternative digits may, 
however, be taken tentatively to support the suggestion (Hick, 1952) of a model 
carrying out a progressive dichotomizing classification resulting in a constant increase 
in reaction times as the number of alternatives is doubled. 


The authors wish to thank Dr, A. C. Staniland for designing and building the apparatus, 
Mr. D. J. Stone for statistical advice and Mr. W. E. Peckham for acting as a subject in 
the experiment. They gratefully acknowledge the financial support afforded them by the 
Nuffield Foundation and D.S.I.R. 
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SOME REMARKS CONCERNING BREBNER AND GORDON'S 
PAPER “ENSEMBLE SIZE AND SELECTIVE RESPONSE 
TIMES WITH A CONSTANT SIGNAL КАТЕ? 


BY 


G. H. MOWBRAY 


From The Johns Hopkins University Applied Physics Laboratory, Silver Spring, 
А Maryland . . 


7 


I wish to thank the Editor for giving me the opportunity to seesartd comment 
on Brebner and Gordon's interesting paper. 

In deciding to test my suggestion (Mowbray, 1960) that stimulus rate may have 
been an influencing factor in the results obtained with the c-reaction time experiment, 
Brebner and Gordon have apparently chosen to, overlook what I consider to be the 
important implications of the proposed expectancy hypothesis. In the c-reaction, 
where the subject is responding to only one of » possible stimuli, if n isa small number, 
say two or so, then the stimulus that calls for a response occurs often (usually as often 
as the stimulus not requiring a response). On the other hand, if n is a large number, 
say 10, then the stimulus that calls for a response occurs rarely relative to those not 
requiring a response. In the former case, it is my contention that subjects, expecting 
a response fairly often, maintain an alertness that is lacking in the latter case with 
a concomitant effect on their reaction times. Furthermore, it is also my contention 
that within a given choice condition the way in which the stimuli calling for a response 
are distributed throughout the experimental series will in some measure determine 
what reaction time will result. - 

I have collected data, as yet unpublished, that bear out this contention. In 
a ten-choice c-reaction type of experiment, the key stimuli were distributed in three 
different ways. In one experimental series the stimuli requiring response were 
distributed normally, i.e. there were some short intervals and some long opes, but 
most fell somewhere between; in another, the stimuli were distributed in a rectangular 
fashion with each interval being represented as often as any othér, while in the 
third condition a “J” distribution was adopted. In this last condition, there were 
a great many short intervals between responses and progressively fewer long ones. 
The “J” distribution produced by far the shortest latencies, whereas the rectangular 
distribution produced the longest ones. This resulted even though all stimuli were 
represented approximately an equal number of times. 

In light of the above considerations, it is not surprising that Brebner and Gordon 


, achieved the results that they did if, as they say, their experimental sequences were 


randomly constructed. Random selection from among two possibilities leads to 
distributions of inter-stimulus intervals of the “J” type, whereas selecting from among 
eight provides distributions that are more nearly rectangular. That is one point. 
The other is that with only two choices the response/no response ratio is very much 
higher than with eight choices, assuming equal probability of occurrence of all 
stimuli. Such is the case no matter what speed of stimulus presentation 1s used. 
It is this ratio, I contend, that is important in creating and maintaining expectancy 


* This paper was prepared under Contract NOrd 7386 between the Bureau of Naval 
Weapons, Department of the Navy, and The Johns Hopkins University. 
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on the part of the subject, and it is expectancy that influences redction times. No 
more is meant by expectancy than the subjective estimation of the time at which 
a stimulus calling for a response is likely to occur. If responses occur relatively 
often with respect to no responses, then expectancies will be high, latencies low, and 
vice versa. { 

As further evidence that the ratio of response to no response is important in this 
type of reaction time, I have another set of unpublished data on a four-choice con- 
dition and a 10-choice condition in which the probability of occurrence of the stimulus 
for response was the same. Thatis to say, the frequency of occurrence of the response 
was the same for both four and то choices. In this circumstance, the latencies were 
identical. 

Ла summary, I believe that Brebner and Gordon have, through no fault of their 
own, misinterpreted my position. My 1960 paper obviously did not make it explicit 
enough that by stimulus rate I meant the number of stimuli for response relative to 


those stimuli not requiring a response, and not number of stimuli for response with 
respect to time. 


2 
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APPARATUS 


AN APPARATUS FOR RECORDING FIGURAL 
AFTER-EFFECTS 


BY 


J. WILSON 
> From the National Physical Laboratory, Teddington 


A simple apparatus is described by which Figural After-effects may be. recorded directly 
from the subject’s adjustments of a test figure. Curves which have been recorded confirm 
the results of other workers obtained by more laborious methods. 


Hammer (1949) using the method of adjustment and Ikeda and Obonai (reported by 
Sagara and Oyama, 1957) using the constant method have méasured the time-course 
of the Figural After-effect, obtaining negatively accelerated curves for the decay of 
the effect. In this note we describe an apparatus with which such curves can be 
recorded directly from the subject's'adjustments, by linking the adjustable test 
figure to a pen recorder. Records are easily obtained within a few minutes, providing 
an effective demonstration and measure of the course of the after-effect. p 

We have used a figure consisting of a pair of black lines crossing on a white ground, 
the horizontal line fixed and the vertical line movable. The vertical line can be 
tilted by 15° either way, being fixed by a light stirrup to the movement of a milli- 
ammeter. Through the stirrup, without touching it, is inserted a card which forms 
the background of the figure, and on this card is fastened the horizofital line. The 
lines are made from glass tube, which can easily be drawn out straight and to the 
required diameter and blackened with drawing ink. Illumination is diffuse and 
from near the subject's eyes so that no obtrusive shadows are cast on the figure. 
The meter movement with the stirrup and rod must be carefully balanced and set 
for zero position at the vertical. 

The milli-ammeter which drives the figure is connected in series {vith the move- 
ment of a pen recorder, across a bridge circuit which the subject controls by turning 
a potentiometer knob, a large knob for sensitivity. The pen thus follows the figure 
which the subject adjusts by turning the knob. A range switch connects resistors 
in parallel with the figure, so that full scale of the recorder corresponds to +16°, 
+4°, +2° of the figure. The time-scale used is т in.[min. 

One of the difficulties encountered was a hysteresis effect in the figuremeter; this 
was overcome by using a D.C. supply which had not been smoothed. The construc- 
“tion is shown in Figure 1, and the circuit in Figure 2. - 

In use, the vertical line is tilted to the angle required, e.g. 13° which can be read 
from the recorder pen, and the subject inspects the figure for the required time, e.g. 

Imin. A finer range is then switched in and the subject endeavours to keep the lines 
at right angles by turning the knob. He is told to keep his eyes on the intersection, 
not to be satisfied with any setting, and to keep on trying to make the adjustment 
perfect. In following these instructions the subject will correct out the Figural 
After-effect by making an error in the opposite direction. This error will be recorded 
and is usually of the typical form. Some of the recordings are shown in Figure 3. 

en shown the curves, the subject will often express surprise, as he was sure that 
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the lines were never far from the right-angle; thus the form of the curve is not 
consciously produced. 


FIGURE 1 
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FIGURE 3 
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Recordings. of the Figural After-effect. The figure is a cross with an upright which can 
be tilted. To obtain these recordings the --16° scale was chosen and the tilt set at 13? 
for the inspection period. The figure was then switched to the more sensitive scale and 
the subject required to set and keep the upright at right angles to the cross-bar. The 
record shows the position during inspection and then the subject's error in setting. 
Records taken from a naive subject after 5 min. of practice in setting the figure. 


The apparatus has been made as part of the research programme óf the National 
Physical Laboratory, and this report is published by permission of the Dire&tor of the 
Laboratory. 
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AN ELECTRONIC STIMULUS RANDOMIZER 


BY 


A. H. GREGORY and J. H. DEVINE 
From the Department of Psychology, University of H ull 


A circuit is described which enables two stimuli to be presented in random sequence 
with either equal or different probabilities. The choice of stimuli is determined by 
sampling the condition of a two-state circuit. Experimental tests of randomness have 
been satisfactory. 


» INTRODUCTION 


In many psychological experiments it is required to present stimuli in random 
sequence. Commonly this is done by using a prepared table of random numbers. 
If, however, the stimuli are selected automatically, human errors are eliminated and 
the presence of the experimenter is unnecessary. 

A relatively simple electronic circuit has been devised to perform this task. The 
principle used is that the choice of one of two alternative stimuli is determined by 
sampling the condition of a two-state circuit. The ratio of the probabilities of the 
two stimuli is equal to the ratio of the times for which the circuit is in each of its two 
states, i.e. the mark-space ratio. 


THE CIRCUIT 


The circuit consists of a multivibrator producing continuous square wave oscillations, 
and a bistable circuit containing two relays which control the stimuli. After the subject 
has responded to one stimulus, the next one is set by connecting the multivibrator to the 
bistable circuit for a short interval of time. While connected, the bistable circuit is 
driven into oscillation by the multivibrator, and on breaking the connection it remains 
in whichever state it happens to be at that instant. The connection may either be 
performed by the subject operating a switch between stimuli, or if a response key or switch 
is used a relay connected to this can be made to close for a short interval. Since the exact 
interval between successive disconnections depends upon the subject, it will be irregular, 
and a random sequence of stimuli will result. 
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The multivibrator is of the symmetrical pattern using a double triode, from which 
anode pulses are taken at about five cycles per second to drive the control grids of an 
Eccles-Jordan circuit. If only a single capacitor is used to connect the multivibrator to 
the Eccles-Jordan circuit, then the multivibrator is unbalanced. Hence pulses must be 
taken from both anodes. A small padding capacitor in parallel with Cr or C2, or a small 
variable resistor in series with R3 or R4, may be necessary in order to obtain a final equality 
of the two half circuits. If desired, resistor R4 may be made variable in order to impose 
various values of bias upon the relative probabilities of the stimuli. With R4 of value 
I megohm or 1:5 megohms, ratios of stimulus probabilities of about 1; 2 or т: 4 result 
respectively. The Eccles- Jordan circuit, based upon two power pentodes, is wired in such 
a manner as to use the grids of the valves for the normal circuit functions,.thus leaving the 
anodes free to supply two 1,000 ohm relays. To avoid any possible distraction from the 
relays, they should be isolated from the subject. А e 
Compónent Values. : 


Rr 220 Kilohms 1 Watt ee 
R2 2294 » 
R3 470 » » 
R4 470 15 » 
R5 220. ,, Р 
R6 220 TY iy 
R7 4/0 35, Ў 5 
R8 АТО 55 5 
Ro 479 » » 
: Кто 47 „ » 
RII У 3 Watts 
Ст 0:05 Microfarads 
C2 0:05 » 
C3 то 5 H 
C4 то „ 
C5 то » 
C6 1:0 » 
Vr + V2 ECC 81 
V3 EL 84 ‹ 
V4 EL 84 € 


TEST OF RANDOMNESS 


A test of the randomness of the stimuli may be made by recording the order of 
presentations of a large number of stimuli, and analysing the frequency of runs of 
I,2,3...successive stimuli. The expected distribution of runs of different length 
can easily be calculated, assuming a binomial distribution. 

The total number of runs of all lengths is first compared with the expected total. 
Then the numbers of runs of different lengths are compared with the expected 
numbers by means of a x? test. These expected values must be calculated from the 
observed total number of runs, since for a x? test the total numbers of observed and 


expected values must be equal. н An 
One thousand stimuli were analysed under each of two different conditions of 


“operation: 

(т) Circuit connected through switch operated by subject: on and off times 
Variable, duration about т sec. 

(2) Circuit connected through contacts of a relay, which closes for a constant 
duration of оў sec. when subject responds to preceding stimulus. 

When the two stimuli, A and B, are equally probable in 1,000 presentations, the 
expected total number of runs of all lengths for each stimulus is 250. The actual 
values recorded were (1) 252 and (2) 255 for both stimuli, and are clearly not signi- 
ficantly different from the expected value. 
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Table I shows the analysis of the frequency of runs of different lengths of the two 
stimuli under the two conditions. " 

The observed numbers of runs of length n of the two stimuli, O, and O,, are 
compared with the expected number E, by means of a x? test. 

Since the value of x? at the ro per cent. level is 9:24 for five degrees of freedom, 
it can be concluded that the stimuli are effectively random. 


TABLE I 
e ———————— 
(0.—Е)? · (0, — Е)? 

п Е 0, о, Е Е 
І Ыы: 126:2 125 118 O-0II | 0:533 
2 63:0 63 7° 0:000 0:778 
3 3r4 34 35 0-216 0:413 
4 15:77 17 14 0-108 0:184 
5 79 6 ІІ 0:457 1:217 
>5 78 2 4 0:082 1:850 
252:0 252 252 x4—0:874 xb=4:975 
2 I 127:7 129 120 0-013 0:464 
2 6377 64. 73 0:001 1:358 
3 318 29 31 0:246 0:020 
> # 15'9 18 2T 0:278 1:635 
5 8-0 10 7 0:500 0-125 
25 79 53 95 3 1:065 37040 
2550 255 255 x4 =2'103 х8==6:642 
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Brain Mechanisms and Learning. Edited by A. Fessard, R. W. Gerard and J. Konorski. 
Oxford. Blackwell. 1961. Рр. 702. 705. 

Ours is the age of The Symposium, nourished by generous grants from international 
foundations, sustained by the willingness of scientists to combine talk and sunshine, and 
embellished® by indiscriminate tape recording. So numerous have been the symposium 
publications during the past ro years that one is bound to wonder, upon seeing still another, 
whether it can really say anything new. In the present instance, the reader will be 

| agreeably surprised. Much of the material will be of fresh interest to psychologist and 
neurophysiologist alike. 

The contributors are as follows: Adey, Anokhin, Agratyan, Buser, Chow, Соуіап, 
Doty, Éccles, Eibl-Eibesfeldt, Estable, Fessard, Galambos, García-Austt, Gerard, Grastfan, 
Hebb, Hernández-Peón, Jouvet, Konorski, Lissák, Luco, Magoun, Morrell, Myers, Naquet, 
Olds, Palestini, Pinto Hamuy, Rosvold, Segundo and Thorpe. ous 

The contributions can be classified roughly on the basis of their area of major interest: 
(a) psychological, behavioural; (b) physiological and anatomical; (c) deliberate combinations 
of (a) and (b). There is space here only to mention a few studies in each category which 
struck the reviewer as being of unusual interest. 

" (а) Hebb presents the results of a simple memory experiment which, with a single 
blów, would seem to dispose of the notion that repetition of digits in a test of memory span 
1 
I 


repeated from time to time in a larger series of non-repeating sequences, subjects gradually 

.. improve in their ability to remember the repeated sequence. “With such results, І can 

find no way of avoiding the conclusion that a single repetition of a set of digits, with or 

without reinforcement of being told when an error has been made, produces a structural 
trace which can be cumulative" (р. 43). " 

Eibl-Eibesfeldt presents a carefully reasoned argument against various experirhents 

and expositions which have attempted to blur the distinction between innate and acquired 

patterns of behaviour. In particular she deals with the analysis of the role of experience 

in nest-building by the rat and in the aggressive behaviour of cats towards rats. Her 

experiments will be welcomed by many ethologists whose views have been under effective 


е 


involves only “short-term” memory processes, since when a single sequence of digits is 


attack by Beach, Lehrman and others. 
(b J. and M. E. Olds present a variety of experiments on self-stimulation technique, 
but one type of experiment is particularly intriguing. By pairing spontaneous electrical 
discharges in some single units with electrical stimulation to a "reward" point in the medial 
e forebrain bundle, they were able to produce an increase in the rate of firing of the units. 
fi Hence, it appears that it is possible to demonstrate operant conditioning of single-unit 
responses entirely by intraorganic manipulations. Interestingly, neocortical units are 
not particularly good candidates for reinforcement, whereas paleocortécal units often 
appeared to “learn with ease.” / И Я 
Various authors are concerned with measuring neurophysiological changes which 
outlast the manipulations producing the changes, such as Eccles and Fessard on post- 
tetanic potentiation and tetanic potentiation. Morrell deals with. an interesting aspect 
of the spread of an artificially produced epileptogenic focus in one hemisphere to the 
homologous area in the contralateral hemisphere. By surgically isolating the "mirror 
focus after it has become established, he is able to show that its increased irritability isa 
relatively permanent property and cannot depend on sustained reverberatory activity. 
“The mirror focus is a region which has not only ‘learned’ to behave in terms of paroxysmal 
“discharge, but which ‘remembers’ this behaviour even. after months of inactivity” (p. 38 3). 
Preliminary observations suggest that changes in RNA distribution are correlated with 


brain mechanisms and learning. There are three ways in which physiological variables 
are commonly combined with behavioural observations, and all three are dealt with in 
various papers. These are: (2) correlations of electrical recordings and behaviour; (й) the 
effects on behaviour of stimulation of the nervous system; and (iii) the effects of lesions on 
behaviour, и i 

(i) A useful review of his and his collaborators’ experiments correlating electrical 
changes with conditioning is provided by Galambos, who also comments that such cor- 
relations are more likely to be сойсегпей with attention and orienting reflexes than with 


є 
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these alterations. Spit : 
(с) This category is naturally of the greatest interest in discussing a symposium on 
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learning as such. Another paper by García-Austt et al. applies techniques of recording 
from the human scalp which, through an averaging procedure, permits the evoked response 
to be segregated from the background noise level. During the state of attention, it is 
reported, the evoked potential has a greater aniplitude and also is recorded in a much 
larger area of the brain. These observations clearly relate to earlier animal experiments 
by Hernández-Peón and others. 


(ii) Chow reports an experiment in which, in effect, a reversible deficit in visual dis- 
crimination learning and retention is produced in monkeys by means of local after- 
discharges in the temporal cortex, induced by bipolar square wave stimulation. The 
results are particularly clear and are almost certainly related (although Chow does not 
report any control experiments on non-visual discrimination learning) to the modality- 
specific visual discrimination deficit produced by inferotemporal lesions. It seems evident 
that the “reversible lesion” technique offers considerable advantages over the irreversible 
surgical lesion. 


(iii) Rosvold and Mishkin argue strongly that frontal cortex resections in monkeys 
produce, in addition to the classical delayed response deficit, an impairment in discrimina- 
tion tasks carried out under certain conditions. Such an impairment, they claim, is not 
caused by a change in sensory capacity but by other non-sensory factors, such as a loss of 
inhibition—although they admit that no single type of disinhibitory effect can adequately 
account for all the data.» This is a paper which, through private circulation, has already 
had a considerable influence and it is pleasing to see it in print so that one’s disagreement 
or agreement with it can have concrete reference. The lengthy comments of Konorski on 
this paper will be of particular interest to many readers, since Konorski’s laboratory has 
contributed richly to the analysis of frontal lobe-function. 

For a final citation which might be of interest to many readers, Hernández-Peón and 
Brust-Carmona provide a useful review and fresh experimental evidence on the effects of 
decortication and decerebration on habituation and conditioning, although it is a pity that 
histological reconstructions are not presented. It would now seem to be beyond dispute 
that the intactness of the neocortex is not a necessary condition for the occurrence of 
habituation and conditioning, at least in the cat. 


With such a variety of observations, criticism must be directed to individual papers 
and not to the symposium as a whole, and space obviously does not permit such treatment. 
One part ci the publication which could have been omitted without great loss, with just 
a few notable exceptions (one of which has already been mentioned) was the verbatim 
account of discussions following each paper. It is clear from this and other symposia that, 
even from the great, the offhand comment rarely illuminates, and often it is merely puerile. 

IE is clear that technical skill and methodological sophistication in analysing brain- 
behaviour relationships are steadily rising. A comparison of this work with research of, 
say, 25 years арэ, seems staggering. And yet the neurological basis of learning remains 
mercurial. Partly this is due, no doubt, to the complexity of learning processes them- 
selves, so that it is difficult, say, when recording electrical changes during conditioning 
to know whether they relate to arousal and its habituation or to the establishment of fresh 
associations; and, of course, to the complexity of the nervous system, vast portions of 
which are still entirely mysterious. More fundamental, perhaps, is the marked difference 
in units of analysis appropriate to the two domains—the neurological units being bursts 
of impulses occurring in a brief period of time, the behavioural units being turns in a maze 
or a memory of an event that occurred years previously. The operations relating the 
two are, for the most part, missing, so that research must content itself with either simple 


correlations—the hippocampus gives 5 to 6 c.p.s. wave-trains as an animal approaches ў 
food—or a listing of necessary neurological conditions (rarely has it been possible to state. 


precisely the sufficient conditions) for certain forms of behaviour to occur—the monkey, 
must have two intact frontal lobes to perform delayed response efficiently. Again, it is 
clear that the major emphasis of much current research is simply misplaced. Whatever 
else happens in the nervous.system when an animal learns, somewhere there must be an 
enduring structural change which can survive virtually without known alteration in 
electrical activity as it is conventionally studied. 

Despite these difficulties, and possibly because of them, it is clear from a s osium 
such as this that if there is a genuine ener in biology this is dies frontier bte: may be 
rough and insecure, but it is exciting. i 


“J g” L. WEISKRANTZ. 


Science Editions. • John Wiley & Sons in collaboration with the Basic Book Club, Inc. 
New York. 1961. е 
This is a new paperback series concerned with Pure Science and Social Science, It 
includes the following four titles of interest to'readers of this Journal, 
Organization of Behavior. By D. O. Hebb. Wiley (1949. New York: Science 
Editions, Inc. 1961. 15s. net. Reviewed in this Journal, 1950, 2, 142. 
On Hwmün Communication. By Colin Cherry. Chapman & Hall (1957). New 
York: Science Editions, Inc. 1961. 155. net. Reviewed in this Journal, 
1958, 10, тїт. 
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Emotions and Memory. By D. Rapaport. Menninger Monograph Series. No. 2 
(1942). New York: Science Editions, Inc. 196r. 15s. net. 


10115 monograph provides a comprehensive survey of the clinical and experimehtal 
data relating to memory and affective processes. It has not, however, been reviséd to 
take account of work reported since original publication. 29 


Comparative Psychology of Mental Development. Ву Heinz Werner. Harper (1940). 
New York: Science Editions, Inc. 1961. 195. 
A well-known study of the development of perception and thought from the Gestalt 
standpoint. O. L. ZANGWILL. 
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Essays presented to Professor Wolfgang Kohler on the occasion of his 75th birthday. Edited 
by Esther Pabst, S. E. Asch and W. Witte. Psychologische Beiträge. 1962. 
p" Vol. 6. Parts 3-4. Pp. 707. E 

This Festschrift will be warmly welcomed by experimental psychologists everywhere. 
Although Gestalt theory is nowadays in the shadows, Professor Kóhler is happily very 
much with us and very much in touch with contemporary ideas. Among the contributors 
are: G. W. Allport, R. Arnheim, F. C. Bartlett, R. Held, H. Helson, G. Humphrey, Te 
Kohler, D. Krech, A. R. Luria, A. Michotte, W. D. Neff, H. Wallach, H. Werner and 
W. Witte. Most papers are in English but with German and French Abstracts. The 
frontispiece shows a very youthful-looking septuagenarian in relaxed mood. A biblio- 


graphy of Professor Kóhler's writings from 1909 to 1960 is appended. e 
О. L. ZANGWILL. 


The Crisis in Psychiatry and Religion. Ву О. Н. Mowrer. Insight Book No.1. Princeton 
and London. D. van Nostrand Co. Inc. 1961. Pp. viii + 204. 155. 


* „4 "t 

This book brings together 13 lectures and previously published articles which in spite 
of their varied occasions develop a coherent theme. Any book in this area. by an experi- 
mental psychologist, especially one of Mowrer's background and reputation, is likely to 
attract attention, and the present volume will not disappoint. — x l 

The author points out that some features of psychoanalytic theory which, logically, 
lead to irresponsibility and libertine behaviour, make it an unsatisfactory guide to the 
treatment of psychiatric disorders. His alternative, which is to regard mental disorder 
as an attempt to adapt to a social setting and to treat mental patients as in some measure 
responsible for their condition, suggests that much could be learnt from the Christian 
| religion. This, after all, with Judaism from the time of the Great Prophets onwards, 

has been dealing with problems of personality disorder for about as many half centuries 

as Psychoanalysis has years. Although empirical knowledge built up over a long period 

may have its shortcomings it is never negligible, and usually proves deserving of con- 

siderable respect. à 1 

“The author recognizes that what he suggests may not apply to all patients and is 

Obviously prepared for the reader to argue with him. His views are, however, undoubtedly 

challenging and even if they are heretical in terms of current psychological dogma, they 

have the scientific orthodoxy of staying close to known facts. ! Е 

The straightforwardness of the writing makes this book suitable for reading by those 

| Who have not been trained in psychology or psychiatry. For this reason it should help 
to end the seduction of clergy by Psychoanalysis which has produced over the past 40 
Years a series of books whose dubious psychology and immature theology have commended 
neither discipline to serious students, of the other. A. Т. WELFORD. 
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Neuropsychopharmacology. Volume 2. Proceedings of the second meeting of the 
Collegium Internationale Neuro-psychopharmacologicium, Basle, 1960. Edited 

by E. Rothlin. Amsterdam, Elsevier. 1961. 521 pp. 17205. 
This volume consists mainly of the reports of five symposia held at this meeting. 
The subjects covered were (i) antagonism to psychotropic drugs; (ii) the effect of psycho- 
tropic drugs on conditioned responses; (iii) the influence of specific and non-specific 
factors of the clinical effects of these drugs ;-(iv) measurements of their human behavioural 
effects, and (v) biochemical mechanisms related to their action. Each symposium consists 
of two main papers followed by a discussion and then a number of shorter individual 
communications. The quality of these is usually high, and very recent experimental facts 
and new hypotheses are presented in a manner that will be of the greatest use to anyone 
seeking to keep abreast of developments in this rapidly developing and many-faceted field. 
Of particular value are papers on drug antagonism by Gaddum; on the interaction of 
drugs and behaviour by Cook and Kelleher; on brain monoamines by Carlsson; on bio- 
chemical mechanisms and ultrastructure by Richter; a number of papers by Dr. Himwich’s 
group and à scphisticated paper by Shepherd on the complex field of evaluating the clinical 
effects of these drugs. The countries of origin were also of interest—the U.S.A. having 
28 contributors (not counting discussions from the floor); France 14; United Kingdom 13; 
Italy 7; Iron Curtain countries 5; Canada 3; rest of Europe 13. Thus the U.S.A., while 

still in the lead, is not altogether dominating the field! 

If one then analyses the contribution according to subject—one method of finding out 


current research trends—it is apparent that interest is still centred very much on-the 
mode of action of reserpine, phenothiazines, imipramine and monoamineoxidase inhibitors, 
with particular reference to the role of cerebral catechol amines and 5-HT. Although we 
have by no means reached the stage of any final answers, progress has nevertheless been 
most encouraging and we now at least know a lot of facts about the action of chlorpro- 
mazine (on e.g. phosphorylation and acetylcholine), of reserpine (on brain catechol amines 
and serotonin in even greater detail), and of 5-HT, 5-HTP, and imipramine and their 
complex interaction. Less work seems to have been done on the hallucinogenic drugs in 
comparison, and certainly we seem to know much less about their mode of action. This 
would suggest that future work should be directed more towards this problem, as the main 
aim of all this research is still clinical: that is to discover the biochemical and neurophysio- 
logical mechanisms in man whose faulty operation leads to the naturally occurring 
psychoses. These discoveries can come from a study of the mode of action of drugs that 
induce or"aggravate psychotic symptoms as well as of the drug with the opposite efiect. 
Furthermore the former study is more likely to lead to studies that can be carried out 
clinically. For a positive biochemical effect induced by a psychotomimetic drug could 
ре tested on the metabolic functions of psychotic patients, and it would appear that @ 
systematic and large scale study along such lines would be more worthwhile than the 
` present work based on trying to discover how certain remedies work. For we may find 
that the latte» work mainly by their non-specific action on mechanisms of anxiety, 
depression and ideation rather than by any direct action on the specific metabolic faults 
that we suppose to underlie schizophrenia and manic-depressive psychoses. The recent 
advances in our understanding of the biochemistry of epilepsy, for example, has been 
gained not by study of the mode of action of anti-convulsants, but of the study of the 
action of convulsants such as hydrazides, pyridoxine deficiency and aluminia cream ОП 
biochemical as well as neurophysiological systems. The time seems ripe then to make à 
concerted effort to tackle the problem of the basic mechanisms of psychosis. We have at 
least as many chemical tools as had the workers in epilepsy. The trouble is that this 
work needs to be carried out in depth as well as on a broad front. For example, it is not 
sufficient to know that LSD has a particular effect on one or even two particular neuro 
physiological systems—e.g. the lateral geniculate body, or the afferent inflow to the 
reticular formation. Its effect on a large number of systems, including cortex, rhin- 
encephalon and diencephalon, using many different methods of analysis, must be know8, 
not only in isolation, but as compared with the effects of many other drugs—both psycho- 
tomimetic and non-psychotomimetic; otherwise we cannot disentangle specific, non- 
specific and irrelevant effects. Similarly we need to know the action of LSD and its 
relations as well as non-hallucinogenic drugs on a large number of biochemical systems: 
Work in this field surely now requires a prolonged period of steady data gathering in such 
a co-ordinated and systematized way rather than basing one's hopes on ‘finding some short- 
cut to the answers deriving from some fragmentary and most probably irrelevant 
information. Jonn SMyTHIES. 
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VISUAL DISCRIMINATION OF OPEN AND CLOSED 
x SHAPES BY RATS. I. TRAINING 


BY a 


N. S. SUTHERLAND, A. E. CARR and J. A. MACKINTOSH 
From the Institute of Experimental Psychology, Oxford University 
Rats were trained to discriminate between twó pairs of shdpes: in each pair one 


shape was "open," the other "closed." Half the animals were trained to discriminate 
between a pair of shapes which differed in their horizontal projections, the remainder 


„between a pair which differed in their vertical projections. After being trained with 


both shapes exposed simultaneously, some'rats were retrained to respond correctly when 
the positive and negative shapes were shown singly. The main findings were as follows: 
(т) Rats discriminated more readily between shapes whose horizontal projections differed 
than between shapes with differing vertical projections. (2) At the beginning of training 
rats exhibited a marked preference for the more open shape of the two. (3) During 
Simultaneous training, they learned to respond to the open shape more accurately than 
they learned to respond to the closed. (4) Rats learned to approach the positive shape 
rather than to avoid the negative. (5) Presence or absence of shock as punishment for 
: wrong response and massing or distributing of trials did not affect performance during 
earning. € 


INTRODUCTION 


A series of experiments on visual shape discrimination in the octopus has recently 
been undertaken: the results of these are summarized in Sutherland (1960b).s The 
purpose of this work was (т) to establish what are the dimensions along, which shapes 
are discriminated by octopuses and (2) thus to provide evidence to assist in unravelling 
the neural arrangements in the octopus's brain which analyse the input from the 
Shapes in terms of therelevant dimensions. Itisof considerable interest to undertake 
the same kind of work on a second species, both because the question of what type 
of analysis of shape occurs in other species is important in its own right and because, 
by having comparative data available, it may ultimately be possible to correlate 
differences in behaviour with differences in neuroanatomical arrangements: the latter 
Possibility is particularly important since it constitutes an additional method of 
Verifying the function of a given neuroanatomical arrangement. The experiments 
to be reported in this and the following paper are the first of a series of studies 
inVestigating shape discrimination in the rat. In order to explain the design of the 
present experiment it is necessary first to set out briefly some of the theory which 
has been evolved to explain results with the octopus. It was suggested (Sutherland, 
1957) that one of the shape analysing mechanisms present in Octopus operates in 
the following way: a count of the horizontal extent of the shape is taken at each 
point on the vertical axis, and a count of the vertical extent at each point on the 
horizontal axis. The result of counting in the vertical and horizontal directions 
will be called respectively the vertical projection and the horizontal projection of a 

А € 
129 


с 
i s с © 


130 * QUARTERLY JOURNAL ОЕ EXPERIMENTAL PSYCHOLOGY 


shape. It was hypothesized that horizontal extents are more accurately represented 
in the nervous sytem of Octopus than are vertical extents. The reason for suggesting 
this was that up-down mirror image shapes aze more readily discriminable by Octopus 
than are left-right mirror images (Sutherland, 19604), and up-down mirror image 
shapes differ when counted in a horizontal direction, left-right when counted in a 
vertical direction. This is illustrated in Figure 1, where the vertical arid horizontal 


FIGURE 1 
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projections of two pairs of U shapes (one pair involving up-down reversal, the other 
right-left reversal) are shown. One prediction which follows from this hypothesis 
is as follows: if two pairs of shapes are chosen such that the members of one раї 
differ only in their horizontal projections and the members of the other pair oniy 
in their vertical, and the differences in each pair are the same (but appearing ОП 
opposite projections), then the pair differing in its horizontal projections should 06 
more readily discriminable than the pair differing in its vertical. The two lowet 
pairs of shapes shown in Figure r satisfy these conditions. It was discovered that 
there Was no difference in their discriminability for Octopus, and therefore this 
prediction was falsified (Sutherland, r960c) However, the results of a series 0 
transfer tests suggested that octopuses might be able to perform this discrimination 


in terms of a second dimension of Shape, namely the ratio of contour to square 
root of area. 


b 
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The purpose of the present experiments was to investigate the discriminability 
of these pairs of shapes for rats, and to discover in terms of what dimensions they are 
discriminated by means of a series of transfer tests. The present paper reports 
the results of training rats with these shapes, the succeeding paper (Sutherland and 
Carr, 1962) the results of transfer tests. If the rat analyses shapes in terms of 
horizontal dnd vertical extents, and if horizontal extent is more accurately analysed 
than vertical, then the horizontal pair (shapes 7, 8 in Fig. 1) should be more readily 
discriminable than the vertical (shapes 5, 6). . Other evidence on the rat (Lashley, 
1938) suggests that (а) rats may be analysing shapes in terms of vertical and hori- 
zontal extents since shapes which have the same vertical and horizontal extents 
(e.g. oblique striations in opposite orientations) are difficult for the rat to. dis- 
criminate; (b) rats have more difficulty discriminating right-left mirror-image shapes 
than up-down mirror-image shapes, and this might be due to horizontal extents 
being more accurately represented in the nervous system than vertical extents. 
The primary purpose of the experiment here reported was to test the prediction 
that rats would learn to discriminate the horizontal shapes more quickly than the 
vertical. A secondary purpose was to discover whether performance on the dis- 
crimination apparatus used could be improved by spacing trials and introducing 
shock as a punishment for wrong choices. 

Befere proceeding to a detailed account of the experiments, it is necessary to 
say something about the nomenclature which will be used in this and the following 
paper to describe the shapes. The members of each pair of training shapes besides 
differing in either their vertical or their horizontal projections differ in other respects. 
All four shapes have the same area (28 sq. cm.), but they differ in amount of contour 
(one member of each pair has a perimeter of 32 cm. the other of 20 cm.), and in number 
ofre-entrants, etc. То human beings the first shape in each pair looks more “blobby,”’ 
more compact than the other: the second shape in each pair looks more “jagged” than 
the first. In general for shapes of equal area, the greater the length of «ontour a 
shape has the more it is likely to contain re-entrants, be judged as “complex,” 
“jagged,” and the less likely it is to look compact or “‘blobby.” These characteristics 
of shapes do not, however, necessarily covary. We shall use the word “open” to 
describe shapes which have a lot of contour and are jagged, spread-out, etc., and the 
word “closed” to describe shapes which have little contour, are compact, “blobby,”’ 
etc. This usage is deliberately vague: if the rat tends to discriminate between open 
and closed shapes by analysing them in terms of one dimension, we can only give 
a precise definition of “open” and "closed" which will be useful in describing shapes 
as seen by rats after we have been able to specity this dimension by experiment. 
The four shapes used in training will be named by the names given in Figure т 
(the vertical closed shape, the vertical open, etc.), and these shapes will sometimes 
be referred to by the letters VC, VO, HC, HO. 


E METHOD 

Subjects 

* The subjects were 32 male hooded rats of a strain originating from the Institute of 
Dairying Research, Reading. All animals were 4 or 5 months old at the start of the 
experiment. 


Apparatus 

The apparatus used has been fully described in a previous paper (Sutherland, 1961). 
Briefly, it consisted of a start box 8 in. long by 4 in. wide, which was separated from 
а rectangular choice chamber by a transparent sliding door. The rear wall of the choice 
Chamber was 12 in. from the door leading into it, and was itself 16 in. across. А partition 


Projecting 3:5 in, into the choice chatmber divided the rear wall into two sections 8 in«long 
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by 8in.high. In the geometric centre of each section a drinking nozzle containing milk 
projected into the choice chamber. The shapes were cut from 1 in. white Perspex, 
and had a hole drilled in their centres so that they could be attached to the rear wall, 
leaving the drinking nozzles projecting through them. The training shapes used measured 
8 cm. along their long axis, and 6 cm. along their short. The apparatus was painted 
matt black except for the wire mesh grid which formed the floor. If ап animal approached 
to within 3:5 in. of the negative shape, an electric circuit was completed which triggered 
a bell. An A.C. shock of o:5 milliamp. could be delivered to the animal's mouth, if it 
attempted to drink from the negative shape. Holding boxes were also present in the 
experimental room. 


Feeding schedule 


For 14 days before the start of pretraining, and throughout the duration of the 
experíment all animals were kept on a 224-hour hunger schedule. Each group was 
given ad libitum food in the holding boxes in the experimental room at the conclusion 
of each day's experiment on that group. 


Pretraining 


On the first day of the experiment animals were placed in groups of four in the 
experimental apparatus with both milk tubes present, and allowed to drink for an hour. 
Over the next 7 days, éach rat was trained individually to run to its positive shape. 
The shape was exposed on one side of the apparatus, and a milk tube without a shape 
was present on the other side. The experimental procedure for all animals was the 
same as that used for Group I on training trials (v. below). Ten trials a day were given, 
and any animal which failed to run to the positive shape on at least 19 out of the last 
20 trials was rejected. 

Training 

On the next day both shapes were present simultaneously in the apparatus, and 
discrimination training proper commenced. All animals were run ro trials a day for 
38 days. The side of the positive shape was changed from trial to trial according to 
Gellerman type sequences: it never remained on the same side for more than three 
successive trials, and on each day it occupied the left-hand side five times and the right- 
hand side уе times. The procedure on each trial was as follows: the animal was placed 
in the start box, After 5 sec. the sliding door to the choice chamber was opened and the 
animal ran to one side or the other. A run to the negative side caused a bell to ring 
when the animal approached to within 34 in. of the negative shape. The animal was 
then lifted out of the apparatus and returned to its holding box. Animals were already 
used to the bell since this had been in operation during pretraining when animals ran to 
the opposite side to that on which the single shape was exposed. It was almost invariably 
possible to pick rats out before they reached the milk protruding through the negative 
shape, and being picked up did not disturb them. A modified correction procedure 
was used throughout: ie. animals which made a mistake were rerun after an interval 
of about a minute without changing the side of the positive shape. They were rerun 
in this way until they made a correct choice. In analysing the results only errors made on 
the first run of each trial were counted. When an animal ran to the correct shape it was 
allowed 9 sec. drinking the milk before being removed from the apparatus and returned 
to the holding box. 


The training procedure was varied in two ways for Groups I and 11. (1) Group І 


received trials at approximately 2-min. intervals, Group II at approximately 8-min;, 


intervals. Whereas in Group I one subgroup of four animals was run at a time, Ш 
Group II all 16 animals were run at once so that Group II animals spent four times as 
long in the holding box between trials as Group I animals. (2) During training (but nos 
pretraining) Group II received a 0:5 milliamp. shock through the mouth if they attempted 
to drink from the negative shape. This shock was just sufficient to discourage them 
from drinking, and after the first 50 trials of training Group II animals almost invariably 
stopped when the bell sounded and made no attempt to drink from a negative shape. 


Retraining om successive discrimination 
After the end of training, Group I animals were run on transfer tests for 9 days (0. the 


following paper). On the tenth day, successive discrimination training was commenced. | 


The procedure was the same as during original training except that now only one shape 
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was present on each trial; the milk tube remained in position on the opposite side to that 
on which the shape was exposed.* Animals were rewarded for running to the positive 
shape, and to the side opposite the negative shape. The bell sounded if they approached 
the negative shape, or if they ran to the side opposite the positive shape, and animals 
were then removed from the apparatus. Twelve trials a day were given, on six of which 
the positive shape was presented and on six the negative shape. Each shape appeared 
three times on the left and three times on the right on each day. 


Experimental design 

The shapes on which animals of Groups I and II were trained were exactly the same. 
Thus the experiment on Group II may be regarded as a replication of, the experiment 
with Group I with the two procedural modifications noted above. There were 16 rats 
in eagh of these two groups. The training shapes used were the four lower shapes of 
Figure т. From each of the two groups four subgroups of four animals each were formed: 
an attempt was made to allocate litter mates to different subgroups. 'The subgroups 
were as follows: (r) VC The vertical closed shape was positive, the verticdl open shape 
negative. (2) VO The same two shapes were used, but animals were trained to run to 
the open shape. (3) HC The horizontal closed shape was positive, the horizontal open 
shape was negative. (4) HO The horizontal open shape was positive, the horizontal 
closed shape negative. 


1: < 
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RESULTS 


Effect of different training procedures 
Table I shows the results of training set out in terms of the percentage of correct 


runs for different subgroups over the first 200 trials of training (days 1-20) and over 
trials 201-380 (days 21-38). It is clear that when the experiment was replicated 


€ 


TABLE I 


RESULTS OF TRAINING 


Groups vc- lvo | Hcs| SHO || VO xo | еса 


Days 1-20 56 66 58 73 56 64 53 (60) | 73 


Days 21-38] 79 81 91 | 95 85 77 72 (94) 95 
—— (i ee MÀU ERES 
Figures indicate per cent. correct runs. 


with Group II the results for separate subgroups were almost identical to those 
obtained from Group I. This means that neither giving a shock on the negative 
shape nor spacing trials had any effect on learning: it is possible that both variables 
had an effect, and the two effects cancelled one another out exactly, but this is 
ка rather unlikely supposition. Comparing the four subgroups of Group I with the 
corresponding subgroups of Group II, the only subgroup which shows any real 
«lifference is HC (animals trained to select the horizontal closed shape). Over 
days 21-38 Group I HC averaged дт per cent. correct responses, whereas Group ПН С 
averaged 72 per cent. correct. The reason for this is that two animals in the 
П HC group failed to show any evidence oflearning. One of these animals lost weight 
severely during the experiment, and ran much faster than any of the others. Since 
all other animals had clearly learned by the 38oth trial, whereas these two animals 
were performing at exactly the 50 per cent. level of success it seems safest to exclude 
them from further analysis. The percentage correct responses for Group п HC 
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excluding these two atypical animals is shown in brackets in Table [: it will be seen 
that the performance of Group II HC is now very similar to that of Group I HC. 
The further analysis of training which follows was performed by pooling the results 
for Group I and II for each subgroup excluding the two animals which failed to 
learn. None of the conclusions drawn would be affected if these two animals had 
been included. 


Effect of which shape ts positive 
Figure 2 presents a graph of learning over the 38 days of training for pooled 
groups excluding the two animals which failed to learn. It is apparent that over 


FIGURE 2 
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the first 40 trials (days I-4) animals trained to run to a closed shape scored con- 
sistently below chance, whereas animals trained to run to an open shape scored 
consistently above chance. In fact all but one animal of the 16 animals in Groups 
VC and HC scored below chance over the first 40 trials: the single animal scoring 
above chance was one of the two which never learned the discrimination. The 
probability of 15 out of 16 animals scoring less than 50 per cent. by chance alone 
is less than o-o0r. There can be no doubt that at the start of this experiment 
animals had a strong pre-existing preference for the open shape: both animals being 
trained positively and those being trained negatively on the open shape tended to 
run to it from the very start of training, and this despite the fact that the animals 
being trained negatively on this shape had already been pretrained to run to the 
other shape. The large difference between the performance of animals trained 
positively on open and on closed shapes over the first 200 trials is presumably also 
due to this preference for the open shape. It will be seen from the 7 tests in Table II 
that the differences in the performance scores of both Groups VC and VO and 
Groups HC and HO are highly significant over the first 200 trials. Figure 2 and 
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Table II also reveal that these differences disappear over the last 180 trials, i.e. with 

sufficient trials the performance of animals trained to run to the closed shapes catches 

up with that of animals trained to run to the open shapes. Again, this is to be 
TABLE П 


c t TESTS 


П 


Over days 


Groups compared 1-20 21-38 
< —— ° 


expected on the hypothesis that the initial differences were due to a preference for 
, the open shape. 


Effect of training on vertical or horizontal shapes 

The main hypothesis to be tested in this experiment was that animals trained 
on horizontal shapes would discriminate between them more readily than animals 
trained on vertical shapes. It is clear from Figure 2 that Group HO performed 
better throughout the experiment than Group VO, and the / tests set out in Table II 
show that the difference between these two groups was highly significant both over 
the first 20 days of training and over the last 18. To this extent the hypothesis 
is confirmed. | 

The groups trained with the closed shape positive present а more complicated 
picture. Over the first 80 trials the animals trained with vertical shapes actually 
performed better than those trained with horizontal shapes: the difference oyer this 
period is significant at better than the 0:05 confidence level (¢ = 2:4, at. ==т2); 
This is exactly what we would expect if we assume that (1) the open shape is preferred 
to the closed shape, (2) the horizontal shapes are more readily discriminable than the 
vertical. For animals being trained with the closed shape positive, the preference 
for the open shape should show more clearly at first in the animals being trained 
on the more discriminable pair of shapes: hence Group HC made more initial errors 
than Group VC. Thus the worse initial performance of the HC group actually 
confirms the hypothesis that the horizontal shapes are more discriminable than 
the vertical. 
« It will be seen from Figure 2, that as learning proceeds Group Н C comes to perform 
better than Group VC which again we would expect if the horizontal shapes are 
fuore readily discriminable than the vertical. However, Table п теуеа1з that the 
difference over days 21-38, although in the expected direction, is not in fact sig- 
nificant, This failure to find a significant difference between the performance of 
Groups HC and VC during the latter stages of training should not lead us to abandon 
the hypothesis that the horizontal shapes are more readily discriminable than the 
vertical, since in animals being trained with the closed shape positive there will be 
a conflict between pre-existing preferences and the effects of training, and this may 
, have increased individual variability. Tt must be remembered that this hypothesis 
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taken in conjunction with the hypothesis of a pre-existing preference for open shapes 
explains the following results: (1) The significantly superior performance of HO over 
VO throughout the experiment. (2) The significantly inferior performance of HC 
to VC at the start of the experiment. (3) The superiority of HC to VC over the 
last 18 days of training. (4) The superiority of HO to VO and of HC to VC in re- 
training (v. below). It is difficult to see how all these results can be explained except 
in terms of the two hypotheses outlined above. 


Retraining on a successive discrimination 


All animals of Group I were retrained to respond correctly when only one shape 
at a time was shown. Figure 3 gives a graph of performance during retzaining: 
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Relearning with successive presentation, 


each curve is based on the results of four animals except the HC curve which is 
based on three only since one animal from this group died from a. staphylococcic 
infection in the course of retraining. It will be seen that the animals trained on 
horizontal shapes received 16 days retraining (192 trials), those trained on vertical 
shapes 28 days. Group HO performed better throughout the first 16 days of training 
than Group VO, and Group HC than Group VC. Of these differences in performance 
again only that for the animals trained positively on open shapes is significant. 
We would, of course, expect these differences to occur, if the horizontal shapes аг?” 
more readily discriminable than the vertical. 

Since all groups performed from the beginning of retraining at better than the 
50 per cent. level of accuracy, there is clearly considerable transfer from the simul- 
taneous discrimination training they had already received to the same discrimination 
presented successively. Table III gives a further breakdown of the results for 
the first 60 and second 60 trials: it is apparent that animals respond much more 
accurately at first to the positive shape than to the negative shape. This means 
that at the start of successive training, animals had a very strong tendency to ru? 


to the side on which the shape is presented irrespactive of which shape it is: thus, | 
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over the first 5 days of retraining, all groups scored less than 50 per cent. correct 
on the negative shape, i.e. they ran towards it on more than 50 per cent. of trials. 
This suggests that animals had learned an approach habit rather than an avoidance 
habit: the negative shape presumably resembles the positive shape more than does 
the milk tube exposed on the opposite side of the apparatus to the negative shape, 
so that when the negative shape was presented alone the animals tended to select it. 
Subsequent learning is largely a matter of learning not to run to the negative shape, 
and as animals learn to avoid this the percent runs made to the positive shape 
actually decreases (compare in Table III the percent correct runs ќо the positive 
shape over days 1—5 and days 6-10). | 

Oxe other interesting feature of the results is thdt whereas animals trainéd to 


run to open shapes perform better when the positive shape is exposed than animals . 


“ 
TABLE III 


PER cent. CORRECT Runs TO ‘SINGLE SHAPES DURING RETRAINING 


Groups VC Vo HC HO 

Sha: pes + — + — + - dz = 
Days T 82 47 94 25 8r 43 98 32 
Daysó-1o| 75 65 87 57 8 8x 93 70 


trained to run to closed shapes, they perform worse than animals trained to run 
to closed shapes when the negative shape is exposed. For example, over the first 
5 days Group HO score 98 per cent. correct on the positive shape and HC 8r per 
cent.; whereas on the negative shape the HC score of 43 per cent. exceeds the HO 
score (32 per cent). This applies both to animals trained on vertical shapes and 
to those trained on horizontal, and it holds both for scores over days 1-5 and Scores 
over days 6-10 (v. Table III). This means that animals do relatively better with 
the open shape than with the closed shape, i.e. they do better on the positive shape 
when it is open than when it is closed, and better on the negative shape when it 
is open than when it is closed. This suggests that during training the animals had 
learned more about the open shape than about the closed shape; this tendency is 
only revealed by comparing scores of animals in different groups, since it is masked 
in the scores of individual animals by the tendency to score more highly on the 
positive than on the negative shape. 


© DISCUSSION 

Dimensions of analysis of shapes 

* The finding that animals discriminate more readily between shapes whose hori- 
zontal projections differ than between shapes whose vertical projections differ is 
Striking. It suggests that as in the octopus so in the rat an analysis of shapes along 
their x and y co-ordinates may be taking place. We must, however, be careful 
not to assume at this stage that the same discriminatory mechanisms are at work 
in the rat as in the octopus: the theory put up to account for shape discrimination 
in the Octopus is based on a considerable quantity of evidence systematically 
collected, whereas there is little systematic evidence on the way in which rats 
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discriminate between shapes. As mentioned in, the introduction two pieces of 
evidence provided by Lashley (1938) are in line with the theory here being tested. 
It is worth considering whether the difference in discriminability between the two 
pairs of shapes here used could be explained in some other way. Rats are known 
to rely more on the lower halves of shapes than the upper (Munn, 1930; Lashley, 
1938), and this has been found to be true to some extent even in the preserit apparatus 
(Sutherland, r961). Figure 4 shows the bottom halves of the two vertical shapes 
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Lower halves of the training shapes. 


and of the two horizontal shapes. To human beings there is no question that there 
isa bigger difference between the lower halves of the vertical shapes than of the 
horizontal shapes. This does not prove that this is true for rats, but it is suggestive. 
Thus it seems likely that in terms of their lower halves the vertical shapes should 
have been more rather than less discriminable than the horizontal. Further evidence 
will be presented in the following paper that rats were not discriminating between 
the shapes here used in terms of their lower halves. Thus the evidence set out here 
supports the hypothesis that one way in which rats analyse shapes is in terms of 
their vertical and horizontal extents, and makes it worth investigating this hypothesis 
more fully. 


Preferences 


The clear-cut pre-existing preference for the open shape is a second very striking 
finding. This preference may, of course, have resulted from some accidental 
feature of our subjects’ previous experience, but this seems unlikely. Thus е 
feeding hoppers іп animals' home cages were rectangular in shape and resembled 
the closed shape more than the open. It seems probable that the open shape is 
somehow more complex to the rat, and therefore more interesting and that the 
tendency to run to this shape may be a manifestation of some sort of exploratory 
activity: for another example of rats coming to select the more complex of two 
shapes, cf. Dember, Earl and Paradise (957). Preferences for different shapes 
have been more fully investigated in fishes than in, tats, and the usual finding is that 
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fishes prefer more complex, more contoured, more open shapes (cf. Herter, 1929— 
goldfish; Herter, 1930—perch; Zunini, 1937 and Hager, 1938—minnows): the only 
exception to this type of finding is Meesters (1940) who found that sticklebacks 
have a slight preference for less contoured figures. Thus our result with rats is 
in general agreement with the results on fishes. 

During initial training, the rats learned more about the preferred shape (O) than 
about the non-preferred (C). This may have been because the preferred shape was 
the more attention compelling; and, if so, this would represent an interesting and 
novel finding. However, there is a second possible interpretation sof the result 
which cannot be ruled out. The animals trained with open shape positive may 
have responded better than those trained with closed shape positive, when presented 
with the positive shape alone because they had made more runs to the positive 
shape during training (i.e. had made more correct choices). Similarly, arämals trained 
with O negative may have responded better when presented with the negative shape 
alone than those trained with C negative because they had made more runs to the 
negative shape during training (i.e. had made more mistakes). A further experiment 
is necessary in order to decide which of these interpretations is correct. 


Approach-avoidance learning 

е. It is clear that in the apparatus used here when animals are trained without 
shock and with two shapes simultaneously exposed they learn to approach the 
positive rather than to avoid the negative: this confirms a previous finding of Suther- 
land’s (196r) and does not merit further discussion here. ‹ 


This work was undertaken as part of a project on “‘Stimulus analysing mechanisms": 
the project is jointly supported by the American Office of Naval Research (Contract 
N62558-2453) and by the Nuffield Foundation: we are grateful to these bodies for their 
financial support. 


REFERENCES 


DEMBER, W. N., EARL, К. W., and PARADISE, N. (1957). Response by rats to differential 
stimulus complexity. J. comp. physiol. Psychol., 50, 514-8. А 
Hacer, Н. J. (1938). Untersuchungen über das optische Differingierungsvermógen 

der Fische. Z. vergl. Physiol., 26, 282—302. { 
Herter, К. (1929). Dressurversuche an Fischen. Z. vergl. Physiol., 10, 688—711. 
Herter, К. (тозо). Weitere Dressurversuche en Fischen. Z. vergl. Physiol., 11, 730-48. 
Lasutey, К. S. (1938). The mechanism of vision: XV Preliminary studies of the rat's 
capacity for detail vision. J. gem. Psychol., 18, 123-93. i ‘ 
Mexsrers, A. (1940). Uber die Organisation des Gesichsfeldes der Fische. Z. Tier- 
Sychol., 4, 84—149. КУ, 
NM T (озб сМ note on Lashley's method for studying vision in the rat. J. 
genet. Psychol., 37, 528-30. 
SurHERLAND, №. S. (1957). Visual 
Nature, 179, 11-3. з A E 1 

XUTHERLAND, N. S. (r960a). Visual discrimination of orientation by Octopus: Mirror 
images. Brit. J. Psychol., 51, 9-18. Dae ene 

SUTHERLAND, N. S. (19605). Theories of shape discrimination in Octopus. Nature, 
186, 840-4. 

SUTHERLAND, A. S. (тобос). Visual discrimination of shape by Octopus: Open and 
closed forms. J. comp. physiol. Psychol., 53, 104-12. | 

SUTHERLAND, N. 5. (1961). Visual discrimination of horizontal and vertical rectangles 
by rats in a new discrimination training apparatus. Quart. J. exp. Psychol. 13, 117-21. 

SUTHERLAND, N. S; and Carr, A. E. (1962). Visual discrimination of open and closed 
Shapes by rats: П. Transfer tests. Quart. J. exp. Psychol., 14, 140-56. А 

Zonint, С. (1937). Contributo allo studio dell’ apprendimento dei pesci, (Phoxinus 

‹ laevis Agas). Arch. ital. Psicól, Fasc. II, E.III, 25, 3-33. n 


discrimination of orientation and shape by Octopus. 


140 » QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


VISUAL DISCRIMINATION OF:OPEN AND CLOSED 
SHAPES BY RATS. IL. TRANSFER TESTS 


BY 
N. S. SUTHERLAND and A. E. CARR Р 
From the Institute of Experimental Psychology, Oxford University 


Rats which had been trained to discriminate between an open and a closed shape 
were given three series of transfer tests. Two main methods of giving the tests were 
used: (i) Successive transfer fests. Transfer shapes were shown singly, and thé animal 
responded by going towards the shape or to the opposite side of the apparatus to that 
on which the.shape was exposed. In one series of tests using this method, 20 different 
shapes were shown. (ii) Simultaneous transfer tests. Transfer shapes were shown in pairs, 
and the animal responded by approaching one member of the pair. In one series of 
tests given by this method, every possible pair which could be drawn from the 20 shapes 
used in the successive method was presented. On the basis of the tests, it was possible 
to rank the shapes in order of similarity to the original training shapes for rats. It was 
found that results obtained by the two methods were consistent: the rank order correlation 
found between the two rank orders obtained with the different methods was o-87. The 
first method was shown to be the more satisfactory since (i) with the simultaneous method 
position habits tended to mask transfer effects; (ii) fewer trials had to be administered 
by the successive method to obtain reliable results than by the simultaneous method; 
(iii) the amount of transfer to each shape with the simultaneous method depends upon 
which other shapes are included. A high correlation was obtained between the rank 
order of transfer Shapes in terms of their similarity to the original training shapes and 
their rank order in terms of the ratio C/VA (length of contour divided by the square root 
of the area). This suggests that rats had learned the original discrimination partly in 
terms of this ratio: the few results which could not be accounted for in this way could be 
satisfactorily explained if we assume that the rats were also analysing shapes in terms 
of their horizontal and verticalprojections. It was also shown that rats tend to approach 
some shepes more than others independently of training. If shapes are ranked according 
to rats' preferences for them, this ranking also corresponds to that which is obtained 
by ranking shapes in accordance with the ratio C/V A: rats exhibited strong preferences 
for shapes high on this ratio. 


2 


INTRODUCTION 


In the préceding paper (Sutherland, Carr and Mackintosh, 1962) evidence is pre- 
sented which suggests that one way in which rats analyse shapes is in terms of their 
horizontal and vertical extents. One method of determining the dimensions along 
which analysis takes place is to present animals trained to discriminate between 
one pair of shapes with a series of new shapes, and so to discover to what extent 
each of the new shapes resembles one or other of the originals. The major purpose 
of the experiments reported in the present paper was to determine the relative 
similarity for the rat between each of 20 transfer shapes and the training shapes 
used in the experiment reported in the preceding paper. A secondary purpose Wês 
to assess the relative efficacy of two methods of giving transfer tests, one involving 
the simultaneous presentation of two transfer shapes, and the other the successive 
presentation of single transfer shapes. If the two original training shapes are dis- 
criminated in terms of their position on one dimension we can hypothesize that any 
other shape will lie somewhere along this dimension. The nearer a given shape 
lies to one of the original shapes, the greater the extent to which animals will treat 
it as like that shape. It should be possible to rank shapes in degree of similarlity 
to the originals from the results of transfer tests. In order to do this by the metho 
of Simultaneous presentation of transfer shapes?it is necessary to present every. 
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possible pairing of transfer shapes, otherwise we do not know which of the two shapes 
presented simultaneously is influencing an animal's choice. This is the first time 
that this method of paired comparisons has been systematically applied to the 
problem of shape discrimination, and it is of considerable interest to discover how 
far the results of this method correlate with the results of presenting transfer shapes 
one at a tinie. 


METHOD 
General procedure 1 


The same animals and apparatus were used as in the preceding experiment on training, 
and the,same notation will be employed here to indicate the different groups and sub- 
groups. To recapitulate: all animals had received simultaneous discrimination training. 
Group I were trained without shock, Group II with shock. Group I received retraining 
with the shapes presented successively. Within both Groups I and II thére were four 
subgroups differentiated by whether training was on vertical or horizontal shapes and by 
whether the closed or open shape was made positive. Thus the subgroups were: (1) VC 
Vertical shapes, closed shape positive. (2) VO Vertical shapes, open positive. (3) HC 
Horizontal shapes, closed positive. (4) HO Horizontal shapes, open positive. For the 
four shapes used, v. Figure т of the preceding paper. Unless otherwise stated below, 
there were always four animals in each subgroup (I VC, I VO, I HC, etc.). 

The procedure for all transfer tests was the same as the procedure used during training, 
except that the bell and shock were switched off, and animals were always allowed 9 sec. 


drinking’ milk whichever side of the apparatus they ran to. Every transfer trial was 


preceded by a retraining trial in which the procedure was exactly the same as during 
training. Animals undergoing simultaneous transfer tests were, of course, retrained with 
the two original training shapes presented simultaneously and animals undergoing suc- 
cessive transfer tests with the original training shapes presented successively. Three 
separate series of transfer tests were run and are described below: in each series the same 
transfer shapes were shown to all animals used in that series. 


(1) Simultaneous tesis with Group I. At the end of simultaneous discrimination 
training, all Group I animals were given nine days of transfer tests witn two shapes 
exposed simultaneously. Ten transfer trials were given on each day, and tbe pair of 
ransfer shapes used was changed from day to day except that on the first and last day 
the same pair of transfer shapes was used. Within any one day each member of the 
pair used appeared five times on the left and five times on the right of the apparatus. 
n addition, each member appeared five times on the same side as the positive shape on 
the preceding retraining trial, and five times on the same side as the preceding negative 
retraining shape. ; 


(2) Successive tests with Group I. After retraining on the successive discrimination 
v. preceding paper), animals of Group І were given 200 transfer test trials with one 
transfer shape exposed at a time. Twelve trials were given a day, and 20 difierent 
transfer shapes were used. Transfer shapes were presented in a random order with 
the constraint that each shape appeared once in each successive block of 20 trials. Each 
shape was shown five times on the left and five times on the right of the apparatus. 
Each shape was presented five times after a preceding retraining trial with a positive 
Shape, and five times after a preceding retraining trial with a negative shape. Each 
shape appeared on the same side as the preceding positive training shape at least twice, 
and on the opposite side at least twice; each shape also appeared on the same and the 
opposite side to the preceding negative training shape at least twice. Group I VO now 
Contained only three animals since one had died. 


(3) Simultaneous tests with Group II. At the conclusion of training Group II animals 
Were given 380 transfer tests with two shapes shown simultaneously. Ten tests were 
given a day; the same 20 transfer shapes were used as in the successive transfer tests 
with Group I, and every pair of shapes which can be selected from 20 was presented twice. 
On the second presentation of each pair of shapes, it was intended to present the members 
of the pair on opposite sides of the apparatus to the sides they had occupied on the first 
showing: through a mistake this was not actually achieved for all pairs so that some 
pairs appeared twice in the same positions. The order in which pairs were shown was 
tandom. Group II HC contained unly two animals. £ 
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RESULTS 
Simultaneous transfer tests: Group I 
Table I shows the results of the nine days of simultaneous transfer testing with 
Group I. For each group the first column of figures indicates the percentage of runs 
on which the left-hand shape in Table I was treated as equivalent to the original 
closed shape, i.e. for the two C groups the percentage score is based on the number 


TABLE I 
э ‘PRANSFER TESTS: SERIES (1) 
| 1 | 
Group ve vo HC HO 


| Av. 
Day | Transfer Shapes | T.T. | R.T. | T.T. | R.T. | T.T. | R.T. | Т.Т. RT. ТЕ 


1* L X 79 78 98 до 8o 95 90 100 85 
2* E id | 68 80 | 70 | *80 | 9o 98 83 9o | 78 


зде e x 55 | 80 | 8 | 90 | 75 | 88 | 95 | 95 | 77 

4 h^ A 60 85 65 88 50 88 65 98 | 60 

5 B => ДВ sa О osm EB зз. 98 |12 
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с m D Bete So БО SO сс |. 93 | 95 79 


Ô | 50 78 38 83 | 75 80 48 95 53 
8 Q A 50 70 48 90 60 78 48 90 24 


of 


vis 


58 85 98 85 50 83 95 88 75 


T.I. Per cent. ‘correct?’ responses on transfer test trials. 
R.T. Per cent. "correct" responses on retraining trials. 


All shapes are drawn in the orientation in which they were presented to % j 
the V Groups: pairs which have a star against them were presented to the 
H Groups at 90° to the orientation shown here. e 


For fuller explanation, v. text. 


of times the animals ran Фо the left-hand transfer shape, for the two О groups it 
is based on the number of times they ran away from it (i.e. to the right-hand shape). 
A score of 50 per cent. for a given group means that that group performed at chance 
level during transfer, i.e. they ran an equal number of times to each member of a 
pair,of transfer shapes. Scores of over 50 per cent..indicate that there was a tendency 
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to treat the left-hand shape in Table I as like the original closed shape (or the right- 
hand shape as like the original open shape), and scores of less than 50 per cent. indicate 
that there was a tendency to treat the left-hand shape as like the original open shape 
In no case does a score of less than 50 per cent. differ significantly from chance expecta- 
tion. The second column of figures for each group gives the percent correct runs 
made on each day on the retraining trials with the original shapes. 

The same pair of transfer shapes was presented on the first and the last day: 
it will be seen that the results for Groups VC, VO and HO are very similar on these 
two days, but there is a big drop in the amount of transfer shown by MC from day 1 
today 9. This was largely because the performance of this group was governed by 
position habits on day 9. The correspondence between*the results of the other three 
groups on these two days suggests that provided position habits do not develop, 
animals’ performance on a given pair of transfer shapes is unaffected ‘by a large 
number of preceding trials on other transfer shapes. It is also clear that the technique 
of alternating transfer tests with retraining trials maintains performance on the 
original discrimination at a fairly constant level. 

Examining the detailed results in Table I, it is apparent that wherever a shape 
not containing re-entrants is paired with a shape containing re-entrants, the former 
shape is treated as like the closed shape and the latter like the open shape (tests 
I, 3, 5,.6, 9) (v. preceding paper for discussion of terms “open” and “closed’’). Sig- 
nificant transfer occurs in two other cases (tests 2, 4). In (2) the more open shape 
of the two is treated like the original open shape, and the more closed shape like the 
original closed shape. The result of transfer test (4) is surprising since here there 
was a slight tendency to treat the more open shape of the two in the same way as the 
original closed shape: this will receive further comment below. There is little or 
no evidence of transfer when two compact, closed shapes are presented (8), nor— 
more surprisingly—when outline shapes are shown (7). " m 

It is worth noting that with few exceptions the two O Groups discriminate 
between the pairs of transfer shapes better than the corresponding C Groups: this 
is partly to be explained by the superior performance of the O Groups on the original 
discrimination, but that this is probably not the whole explanation will be shown 
below. The results of the VO and HO Groups tend to be consistent with one another 
and also the results of the VC and HC Groups with the exception of test 7. The 
explanation of all these findings will be considered in more detail below. 

It should be noted that this method of giving transfer tests does not enable us 
to rank the 16 shapes used in degree of similarity to the original training shapes: 
nor can we say for any pair of shapes which member of the pair is responsible for 
Producing the transfer. For example, in transfer test I we cannot say whether 
transfer occurs because the rat is treating the rotated closed shape as like the original 
closed shape, or because it is treating the rotated open shape as like the original 
open, or for both reasons. The method of giving transfer tests used here is the 
‘conventional method, and it was in order to overcome these difficulties in inter- 
pretation that the two following methods were developed and applied. 


Transfer tests with single shapes: Group I 

The results of the series of transfer tests with single shapes are summarised in 
Table II. This table was arrived at in the following way. If an animal trained to 
run to a closed shape runs to a transfer shape, it is treating it as equivalent to the 
original closed shape; if an animal trained to run to the original open shape runs 
away from a transfer shape, it is treating it as equivalent to the original closed shape. 
We therefore calculated for eacly of the 20 transfer shapes used the percentage of 
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TABLE II 
TRANSFER TESTS. SERIES (2) AND (3): RESULTS OF SUBGROUPS 
| 
| I (Successive) II (Simultaneous) 
Transfer | | | | 
shapes vc Vo HC HO VC VO HC HO 
| 
i & 3 2 xU ae 7 3 3 2 
> 
2 4 т:5 Т 6 I 14 4 13 7 
3 ө | 175 3 16:5 2 II 2 II 1 
4 $ E T cll ocd 14 4 3 1 17 3 
| 
5 ЖА 5.55 ро 5 105 | 9 4 
6 v 10:5 Ы 4 2 6 а 
7 aga 1 755 8:5 9 6 17 8 12 5 
8 ^ T5 | 10 АЕА 15 9 65 | 8 
9 Б 14 7 14 9 8 13 8 9 
то АА 19 8:5 T5 IO 16 5 19 6 
zit xX 15:5 19:5 4 I3 I 16 5 10:5 
12 ^ 12:50| ^27 4 18 6 I5 IO 10:5 
13 l | 4*5 12 16:5 18 4 14 16 15 
14 [={ I5:5 13:5 тї*5 15:5 20 7 I 16 
= x Tom туен ecoute тт] 4 |H 
16* С) тО'5 її 18 I3 18 10:5 18 17 
17 Т | #3 | 15 19 II 95 | 19 20 E 
28 =й | 125 | 135 | ro 1559 0. 18 2 ZO 
| 
m | 
19 175 19'5 4 18 9:5 20 14 18 
20* x 20 I7 20 20 19 12 15 19 


Figures represent the rank ordering of the shapes: high ranks indicate that 
transfer shapes were treated like the original closed shape, low ranks that they 
were treated like the original open. 


All shapes are drawn in the orientation in^w 
the V groups: starred sha 
orientation shown here. 
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times animals of Groups VC and HC ran іо the shape, and the percentage of times 
animals of Groups VO and HO ran away from the shape. This means that for all 
groups the higher the percentage score.for each transfer shape, the more that shape 
was treated like the original closed, and the lower the percentage score the more that 
shape was treated like the original open. Since the percentage scores are difficult 
to follow inedetail, only rank orders are presented in Table II. For each group the 
shape on which that group scored the highest percentage is ranked r, the shape 
on which it scored the next highest percentage 2, etc. This means that where a 
shape is ranked high for a group, it was being treated as like the closedeshape by that 
group; where it is ranked low, it was being treated as like the open. (The numbers 
in braekets used in the text refer to the number allotted to each transfer shape in 
the left-handed column of Tables II and IV.) 

It will be remembered that there were four rats in each group except&of Group HC 
in which there were only three, since one rat had died in this group during retraining 
on single shapes. Since there were ro trials for each rat with each transfer shape, 
each of the percentage scores was based on a total of 40 trials, except for Group HC 
for which they were based on a total of 30 trials. With this number of trials we 
cannot expect to obtain a completely reliable ranking of shapes, since even if the 
number of runs to each shape was ideally spaced out with 40 runs to the first, 38 to 
the second, 36 to the third, etc., there would only be a difference of two runs for the 
score on each shape and this would clearly have no significance. Moreover, the 
whole of the scale is not used: thus Group VC ran 36 times to shapes (2) and (5) 
(the highest ranking shapes for this group), and three times to shape (20) (the lowest 
ranking shape). Moreover, 16 runs were made to the next lowest ranking shape 
for that group (shape то). The ranges are similar for other groups: thus Group VO 
ran away from its highest ranking shape 30 times, and away from its lowest ranking 
shape no times. One of the reasons why the number of runs given to each shape 
is not spread out more is that in transfer tests, animals showed a consistent preference 
for the side on which the shape was exposed. Thus if we summate the number of 
runs ѓо a shape for all shapes for each group, we find that the different groups ran 
lo the transfer shape on 70, 76, 73 and 74 per cent. of trials respectively. During 
the retraining trials the average number of runs to the shape over all groups was 
52 per cent. This tendency to run /o the shape had appeared at the beginning of 
training on single shapes but had been largely eliminated in the course of training: 
it reappears, however, during transfer tests. Performance during retraining trials 
with the original shapes was by no means perfect: the percent correct runs for each 
group was respectively 83, 77, 79, 86. Since performance on the original training 
Shapes was itself not completely determined by the shapes on which an animal had 
been trained, we should not expect performance on transfer shapes to depend solely 
on this, and once again the reliability of the results is correspondingly decreased. 

_ One way of testing the reliability of the results is to compare the ordering of 
transfer shapes given by animals trained to approach closed shapes with that given 
by animals trained to approach open shapes. From Table III (row т), it will be 
séen that the correlation coefficients thus obtained are small and only one of them 
is significant. The smallness of these correlations is almost certainly due to the 
effects of differential preferences for different transfer shapes. The results of original 
training show that rats have preferences for certain shapes. It is likely that the 
number of runs to each transfer shape will be determined by the initial attractiveness 
of that shape for the animal as well as by its similarity to one or other of the shapes 
used in initial training. Let us suppose (on the basis of the training results) that 
animals find open shapes more atftactive than closed. In the case of animals trained 
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positively on open shapes, preferences will tend to operate in the same direction as 
the effect of training, i.e. rats will run more often to open shapes both because such 
shapes are initially more attractive for them and because they have been trained 
to run to an open shape. In animals trained to run to closed shapes, however, these 
two factors will work in opposite directions, ie. their training will tend to make 
them run away from open shapes, their initial preferences will increase thcir tendency 
to run to open shapes relative to closed shapes. The two factors working in opposite 
directions will result in a reduction in the extent to which different shapes are treated 
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, TABLE III 
Rank ORDER CORRELATIONS (o BETWEEN GROUP SCORES ON 
= TRANSFER TESTS, SERIES (2) AND (3) 
—————————————————————— 
1 IVC,IVO IHC, 1HO | IL VC, II VO | IL HC, II HO 
0:44* 0:23 — 0:09 — 0:05 
2 IVC,IHC IVO, ІНС | IL VC, IL HC | II VO, П HO 
0:24 0-88*** —0'07 0:63** 
3 IVC,IIVC | IVO, II VO | I HC, ПНС | IHO, II HO 
0:27 o-84*** 0-42* o79*** 
4 BIS Py ТАН, ТЕКЕ ІН, ПН ILE 
0:63** o:76*** о-]2*** о-85*** о'87*** 
5 TIE H II V, ПН V,H 
0:74*** o-8o*** o:84*** 
к т л ЕЕЕ аа 
rot indicates Group II ranks calculated including trials with side preferences. 
<0:05. 
** i001; 


*** 5 <O-001. 


differently and may produce differences in the rank order of the shapes which depend 
upon initial preferences, not upon training. It is clear from inspection of Table Il 
that this is in fact happening, for example, for both shapes 3 and 4 (circle and diamond) 
the VO group gives a much higher ranking than the VC, and the HO than the HC: 
this means that all animals have a lower tendency to run towards these shapes than 
to run towards other shapes—this tendency produces a high ranking for animals ` 
trained to approach open shapes, and a low ranking for animals trained to approach 
closed shapes. Similarly at the other end of the scale we find the opposite tendency 
at work, thus for shapes (18) and (19) VO and HO animals yield ower rankings than 
VC and HC animals: i.e. there was a tendency for all animals to run towards thes?’ 
shapes. For these four shapes the results for Group II are entirely comparable, 
ie. shapes (2) and (3) rank higher for VO and HO animals than for VC and HC, and 
shapes (18) and (r9) rank lower for VO and HO rats than for VC and HC. 

If this interpretation of the results is correct we would expect the correlation 
between the scores of the VC and HC groups to be less than the correlation between 
the H 0 and VO groups: for the former groups the two tendencies working in oppost- 
tion will tend to reduce the spread of percentage scores on different shapes ап 
therefore to reduce reliability. The rank order correlations are shown in row 2 9 
Table III: though both correlations are positive, tae correlation between the scores , 
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* Figures represent the rank ordering of the shapes: high ranks indicate that 
Shapes resembJe the original closed shape, low that they resemble the original 
open. Column 9 shows the ratio С/УА for each shape, and column ro their 
rank ordering in terms of this ratio. Column 11 gives ranks for shape preferences: 
high ranks indicate that shapes were approached infrequently, low that they, 


were approached. frequently. 
All shapes are drawn in t 


he orientation in which they were presented to 


the V groups: starred shapes wert presented fo the H groups at 90? to the 
orientation shown here. 
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of animals trained on open shapes is very high and is significant at the o-oor con- 
fidence level, whereas the correlation between the rank scores of animals trained on 
closed shapes is low and not significant. Exactly the same relationship between 
the correlation coefficients for the scores of animals in Group II emerges (v. right-hand 
side of row 2 in Table III). Thus the hypothesis outlined above receives very full 
support. 

Since the main object of the transfer tests was to rank shapes in degree of similarity 
to the two original training shapes, it is necessary to eliminate the effect of preferences 
from the scores on transfer shapes. The experimental design enables us to do this 
by combining the scores of animals trained positively and animals trained negatively 
on the same shape. Thus for Groups VC and VO the percentage runs to a shape 
and the percentage runs away from a shape respectively were combined and a new 
rank order obtained, and the scores of animals of Groups HC and HO were treated 
similarly. Since for the C groups scores will tend to be depressed for preferred shapes, 
raised for non-preferred and vice versa for the O groups, this procedure should tend 
to eliminate the effect of pre-existing preferences on the transfer test scores. The 
rank orders obtained after this procedure are shown in Table IV for the group trained 
on vertical shapes and the group trained on horizontal shapes. There is now а 
fairly satisfactory correlation between the rankings of transfer shapes for these 
two groups (I V and I H, v. row 5 of Table III), indicating considerable reliability 
of the rankings in the two groups. 

By considering the percentage scores of the V and H groups we can determine 
the point in the series of transfer shapes at which shapes cease being treated as like 
the original closed and start to be treated as like the original open. Shape (9) was 
treated as like the original closed shape exactly 50 per cent. of the time by Group I V. 
Since this shape ranked eighth for this group, these animals tended to treat all shapes 
ranked higher’than 8 for them as like the original closed shape, and all shapes ranked 
lower as like the original орем shape. The crossover point for Group I Н occurs 
between the two shapes which rank 9 and ro for it (these are numbers ro and 9). 


Simultaneous transfer tests: Group IT 


The results of the transfer tests given to Group II were processed in the same 
manner as thàt already described for Group I. It will be remembered that in 
Group II each of the 20 transfer shapes was twice paired with every other shape. 
This gives 38 presentations of each shape to each animal. Once again percentage 
runs to each shape were computed for Groups VC and HC and percentage runs 
away from each shape for Groups VO and HO. There were now four animals in each 
group, except for Group HC which only contained two since the two animals which 
had failed to learn in this group were eliminated from the experiment. In addition, 
one animal from Group VC had to be withdrawn before it had completed its 380 trans 
fer tests. One difficulty which arose in analysing the data was that it emerged» 
that many animals were developing strong position preferences during transfer 
tests: as mentioned above, this also occurred in the simultaneous transfer tests with 
Group І. Since these position preferences are likely to mask transfer effects, scores 
were calculated in two ways—(i) including all transfer test trials and (ii) excluding 
transfer test trials on which an animal seemed to be governed by a position habit. 
It is necessary to adopt an arbitrary criterion of what constitutes a position habit: 
a position habit was deemed to be influencing the results for a given animal whenever 
that animal ran to the same side 16 or more times out of 20 successive transfer tests 
over any 2-day period. Whenever this occurred, the results for that 2-day period 
were not included under the second method of calculation. Altogether 5,153 transfer 
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test trials were'run and in making the calculation excluding runs governed by side 
preferences 1,657 trials had to^be eliminated (33 per cent). Evidence will be 
presented below to show that the reliability of the scores obtained excluding runs 
governed by side preferences was higher than that of the scores calculated on the 
data including runs influenced by side preferences. Table II presents the rank 
ordering of the shapes for the different groups based on scores excluding side 
preferences. 

3efore going on to discuss these ranks, it is worth giving some idea of how large 
were the differences in the number of times each shape was selected. Group VC 
selected the shape it ran to most frequently (тт) on 69 per cent. of trials with that 
shape, and the shape it ran to least (14) on 33 perecent. of trials. These figures 
are based on trials excluding days on which side preferences were shown and since 
on these trials each shape was shown about 25 times to each rat the total number 
of trials given was about roo. Percentage scores for the other groups for the shapes 
most and least approached are about the same VO 72 and 32 per cent., HC 62 and 
35 per cent., HO 67 and 30 per cent. It will be noticed that as in Group I the 
spread of scores is greater for the two O groups than for the two C groups: this finding 
hás already been explained in terms of the effects of preferentes working in the same 
direction as training for the O groups, in the opposite direction for the C groups. 
The absolute differences between the number of runs to the most and least selected 
shape are about the same for the Group II sub-groups as for the Group I, but this 
is only true because the score for each group on each shape is based on over twice 
as many trials as for Group I. It should be emphasised again that even with optimal 
spacing in number of runs to each shape, we would only obtain differences of 
two or three runs between shapes with neighbouring ranks, and we would thus not 
expect the ranks to be completely reliable. In terms of percentage differences in 
the number of runs to each shape, differences were smaller for Group II than for 


Group I: this suggests that for the same number of trials, the method 6f simultaneous · 


presentation of transfer tests may be less reliable than the method of‘ successive 
presentation. The smaller percentage spread was not due to Group П animals 
performing worse during original discrimination training than Group I animals 
during retraining: indeed, in general they performed rather better; the average 
number of correct responses made by the different subgroups during retraining was 
87, 81, 90, 92 per cent. ibe 

It will be shown below that transfer test ranks are about as reliable for Group IT 
as for Group I: however, since nearly twice as many trials were given to Group п as 
to Group I this suggests that the method of successive presentation yields reliable 
results with less expenditure of experimenter's time than the method of simultaneous 
presentation. A further disadvantage of the method of successive presentation 1s 
that it is not possible to say where in the list of shapes the crossover point occurs 
from transfer from the original open shape to transfer from the original closed shape 
eous testing indicates only 
that if this shape is paired with the other 19 shapes, there is no transfer to it from 
either of the original shapes. Had the other 19 shapes been different, however, 
the score on that transfer shape might also have been different. е 

The first two rows of Table III reveal that when the scores of different sub- 
groups within Group II are correlated, lower rank order correlation coefficients 
result for each comparison than in the case of Group I. This suggests at first sight 
that transfer tests with shapes exposed simultaneously are less reliable than tests 
with shapes exposed singly. However, the insignificant correlations between the 
rank ordering for animals trained to run to closed shapes and animals trained to run 
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to open shapes revealed in row 1 may merely mean that pre-existing preferences for 
individual transfer shapes influence performance more when the shapes are exposed 
simultaneously than when they are exposed successively, and this is supported by 
further evidence given below. Moreover, when the results are recalculated in such 
a way as to eliminate the effect of shape preferences (i.e. combining the scores of 
animals trained on different shapes within the V Group and within the^H Group), 
rank orders are obtained which have a very high degree of reliability. Thus the 
correlation between ranks obtained for transfer shapes between Group II animals 
trained on vertical and on horizontal shapes is extremely high (v. Table III, row 5) 
and this despite the fact that there was zero correlation between the scores of the 
VC and VO sub-groups and between the HC and HO sub-groups. This in'itself 
seems to justify us in our procedure for arriving at transfer test scores purified from 
the effects ófsshape preferences, by combining scores for animals trained positively 
on opposite shapes within the vertical group and within the horizontal group. The 
reasons for the low correlations between animals trained positively and negatively 
on the same shapes have already been examined in the last section, and also it was 
there shown that the higher correlation between VO and HO than between VC 
and HC is fully accounted for by the hypothesis that scores are influenced by two 
factors—direction of training and pre-existing preferences between shapes. The 
following considerations lend support to this hypothesis and also explain the corre- 
lations shown in row 3 of Table III. Since the scores of animals trained on closed 
shapes are less reliable than those of animals trained on open shapes because the 
mutual antagonistic effects of two factors are reducing the spread of scores in the 
former case, we would expect that correlations between Group I and Group IJ animals 
trained to approach closed shapes will be lower than those for Group I and Group II 
animals trained to approach open shapes. This pattern emerges clearly in row 3 of 
Table III: there are very high correlations between Group I and Group 11 animals 
trained to select open shapes, and small positive correlations between Group I and 
Group II animals trained to select closed shapes. 

A further way of testing the reliability of the two methods of ranking transfer 
Shapes (simultaneous and successive presentation) is to consider the correlations 
between Group I and Group II animals when the effects of pre-existing preferences 
have been eliminated by pooling the scores of animals trained positively and nega- 
tively on different shapes within the V Group and within the H Group. These 
correlations are shown on the right-hand side of row 4 of Table III and are satis- 
factorily high. The figures on the left-hand side of row 4 give the results of correlating 
the scores of Group I and Group II animals in this way when the Group II animals’ 
scores are based on all transfer test runs including runs on which there was a side 
preference. Both for the V Groups and for the H Groups, the correlations between 
Group I and Goup II results are lower if Group II scores are calculated including 
side preference runs than if they are calculated excluding these runs. This proves 
that the reliability of transfer test scores obtained with simultaneous testing is 
improved if the results on days on which side preferences were shown are not counted, 
and it justifies us in presenting in Tables II and IV data on Group II based only 
on runs not determined by side preferences. 

Next it will be seen (Table III, row 5) that the correlation between the results 
for animals trained on vertical shapes and on horizontal shapes is higher if the ranks 
yielded by Group I and Group II are combined than if the correlations are calculated 
separately between the two Group I sub-groups and between the two Group II sub- 
groups. Ranks were combined by taking the average rank on each shape for I V 
and II V and re-ranking to give a combined тапк, ‘and similarly for the H groups. 
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The resultant ranks for V and H, animals are shown in Table IV, columns 7 and 8. 
It is clear that the more groups are pooled, the higher the correlations become, and 
this indicates that we are obtainings purer measures of transfer effects less con- 
taminated by experimental error. 

The last entry in row 4 of Table III indicates the result of combining the ranks 
given by fhe V and H sub-groups for Group I and Group II and measuring the 
correlation between the Group I ranks thus obtained and the Group II ranks. Once 
again, ranks were combined by taking the average of the V and H ranks for each 
shape, and re-ranking according to the order thus obtained. The resulting corre- 
lation of 0:87 is higher than either of the correlations obtained between the I V and 
II V Groups and between the corresponding two H Groups. The very high correla- 
tion produced by combining results in this way indicates that we may place con- 
siderable faith in the reliability of pooled results. The order in which shapes are 
given in both Tables II and IV is the order obtained from combining Group I and II 
ranks by a repetition of the procedure given above. The interpretation of the 
final rankings of transfer shapes will be discussed below. 

. It is worth noting that the final ranking of shapes obtained from the results 
of the second two series of transfer tests is in complete agreement with the results 
of the first series of transfer tests. Thus, comparing Table I and Table IV, we would 
expect good transfer with pairs (r) and (9) of Table I since the rankings of these two 
shapes (r and rr in Table IV) are widely separated. The same applies to pairs 
(2), (3) and (5) in Table I. For pairs (7) and (8), however, we would expect little 
transfer because the rankings of the members of these pairs are not widely separated 
in Table IV. No comparison can be made for pairs (4) and (6) since some of these 
shapes were not used in the second two series of transfer tests. In every pair where 
a comparison can be made the left-hand shape in Table I is the one with the higher 
ranking in Table IV, i.e. the results of the first series of transfer tests and the second 
two series agree completely about which member of each pair was the more like the 
original closed shape for rats. The second two series of transfer tests enable us to 
answer the question which we said could not be answered from the first series. We 
can now say which shape of each pair is determining transfer: thus in pair (1) of 
Table I it is the left-hand shape, the rotated closed shape, which produces the transfer 
since this shape has a very high rank in Table IV indicating that it, was treated as 
very like the original closed shape, whereas the right-hand shape (the rotated open 
shape) has an intermediate rank in Table IV (rr) indicating that there was only a 
slight rendency to treat it as like the original open. 

One further way of analysing the data is of interest. If for all groups we count 
runs ѓо a transfer shape and add up the totals for each shape, this should give us 
an approximation to the order of initial preferences between shapes. The effects 
of training are now partialled out since different groups were trained positively on 


_ different training shapes: the rankings obtained by this method for Group I and II 


are not shown separately, but Column 11 in Table IV presents preference ranks 
obtained by pooling the preference ranks of Group I and Group п animals. Shapes 
With high preference ranks were those run to least often, shapes with low ranks those 
run to most often: thus the lower the preference rank for a shape, the more that 
shape was preferred. Discussion of the detailed preference order will be postponed. 
It is worth noting here that if we are measuring something different by ranking shapes 
in order of amount of transfer from the original shapes and in order of preference, 
we might expect both the correlation between Group I and Group II transfer ranks 
and that between Group I and Group II preference ranks to be higher than the 
correlation between Group I transfer ranks and preference ranks and the correlation 
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between Group II transfer and preference ranks.. The rank order correlation co- 
efficient between Group I and II training rankings is 0:87, and that between Group 
I and II preference rankings 0-78, the correlations between Group I preference and 
training rankings and between Group II preference and training rankings are 
respectively o-61 and 0:77, and the correlation between combined training ranks and 
combined preference ranks is 0-71. Thus it seems likely that we are ordeting shapes 
along different dimensions by the two rankings. There is, of course, still a high 
correlation between preference and transfer ranks and this is to be expected because 
there was a clear-cut preference for one of the two original training shapes so that 
the two dimensions are bound to be correlated. 


AA DISCUSSION 
The dimensions along which shapes are discriminated 


It was suggested in the preceding paper that rats might be discriminating between 
the training shapes in terms of their horizontal and vertical projections, and a 
prediction made on the basis of this hypothesis, namely that animals would dis- 
criminate better between the pair of shapes (H) differing in their horizontal projections 
than between the pair of shapes (V) differing in their vertical projections, was 
confirmed. The transfer test results do not support this suggestion. Some of the 
transfer shapes used were deliberately chosen in order to test for it. The most 
striking difference in the projections of the two shapes is that the open shape yields 
two peaks one at either end of the horizontal projection (H shapes), or of the vertical 
projection (V shapes), whereas the closed shape yields a single peak in the middle of 
the projection (cf. Figure r in the preceding paper). The two shapes resembling 
the letter “Н” also yield projections having these properties: the upright “Н” shape 
(14) yields two,peaks on the vertical projection, the “Н” on its side yields two peaks 
on the horizontal projection. If shapes are discriminated in terms of their projec- 
tions, then we would expect better transfer from the open shape to the upright 
“Н” for V animals than for Н animals, and better transfer from the open shape to 
the “Н” on its side for Н animals than for V animals. From Table IV (14, 17) 
it will be seen that H animals transferred as well to the upright “Н” as V animals, 
and that there, was very little difference in the amount of transfer from the open 
shape to the “Н” on its side between the V and H groups. Similar reasoning applies 
to two of the "U" shapes (13, 19): both of these shapes on the above hypothesis 
should resemble the original open shape for V animals and the original closed shape 
for H animals. In fact, Group V showed less transfer from the open shape to the 
upright “U” (13) than did Group H, and more to the upside down “U” (r9. One 
shape giving two peaks on the opposite projection from the original open shape is, 
however, not treated as equivalent to the original open shape. This is the 90° 
rotation of the original open shape (тт). This finding—that there is less transfer 
to the original open shape when rotated than to many other open shapes—is a sur- 
prising one, and a tentative explanation will be offered below. ^ 

A second possibility which was considered in the previous paper is that animals 
are discriminating mainly in terms of some feature of the bottom halves of the shapes. 
If this were correct then V animals should tend to treat shapes with a single point 
at the bottom as like the original closed shape, Shapes with a double point as like 
the original open. There is little evidence that this is happening: thus (Table Ту, 
column 7) the V animals treat the cross (18) like an open shape, despite à single 
narrow bar at the bottom; there is no difference in the treatment of the two “Н” 
shapes (14, 17) although one has a double bar, thé other a horizontal line at the 
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bottom; nor is there much difference in the treatment of the two triangles (5, 6) 
although one has a point at the bottom the other a horizontal line. However, for 
this group there is a large difference in the treatment of the two “U” shapes—the 
“U” with the two bars at the bottom (r9) resembled the original open shape much 
more than the “U” with the two bars at the top. The results of the transfer tests 
also show very clearly that the Н Group was not discriminating in terms of a long 
horizontal line at the bottom of the open shape vs. the short horizontal line at the 
bottom of the closed shape. Thus (Table IV, column 8) shape (5) with a long hori- 
zontal base line is treated like the original closed shape, whereas skape (18) with 
a short base line was treated like the original open. Р 

If Animals had been discriminating the original shapes in terms of some feature 
which would be altered by orientation of the shape, then we would not expect to 
find a high correlation between the scores of the V and H Groups since with four 
exceptions (r, rr, 16, 20) transfer shapes were presented in an orientation which 
differed by 90° with respect to the orientation of the original training shapes for these 
two groups. Yet the correlation between the final V and H rankings was 0:84 and 
is higher than the correlation between the two subdisivions of the V Group (1 and II) 
and the two subdivisions of the H Group. Although this high correlation between 
the, V and H Group ranks has been used above as evidence that transfer test ranks 
are themselves reliable, it must be remembered that it could not have occurred 
unless transfer to further shapes was not affected by the orientation of the original 
shapes to any considerable extent. We conclude, therefore, that the main dimension 
along which shapes were being analysed was one which is independent of orientation. 

In an attempt to pin-point this dimension, we tried out several possible dimensions 
such as presence or absence of re-entrants. This property obviously gives a poor 
fit to the result of transfer tests: there is a tendency to treat three shapes containing 
re-entrants as like the original closed shape (2, 7, 9). Moreover, if shapes were being 
analysed in terms of the number of re-entrants, it would be impossible to explain 
why an oblique rectangle should rank consistently lower (i.e. resemble the closéd 
shape less) than a circle (3) or the rotation of the original closed shape (т). One 
dimension, however, along which the original shapes differ does yield a tolerably 
good fit to the transfer test results: this dimension is arrived at by taking Ше ratio 
of contour to square root of area for each shape (CJA/A). The ratib is calculated 
in column 9 of Table IV for each shape, and column 10 shows the result of ordering 
shapes by allotting them ranks on the basis of this ratio. A correlation coefficient 
was computed between the transfer ranks of shapes for all groups mentioned 
(column т) and the ranks computed from this ratio: its value was found to be 0:87. 
This high value is all the more remarkable since experimental error must have entered 
into the final determination of transfer test ranks. Thus the correlation between 
Group I and Group II rankings is itself only 0:87, and this gives some indication of 
the extent to which final rankings may have been influenced by experimental error. 
We thus seem justified in concluding that one of the dimensions in terms of which 
Shapes were being discriminated was that of C/A or some similar ratio. Р; 

One problem in this interpretation is as follows. The original shapes have C//A 
ratios of 3-8 and 6-0: some transfer shapes actually have ratios either smaller than 
that of the original closed shape (3) or considerably larger than that of the original 
open shape (ro, 14, 16, 17, 20), i.e. in terms of this ratio one transfer shape was more 
“closed” than the original closed shape and five were more open than the original 
open shape. It is not possible to say whether transfer from the open shape should 
continue to increase as the ratioS,of transfer shapes increase when these ratios are 
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actually higher than that of the original open shape itself. This would depend upon 
the extent to which rats transpose along this dimension. Unfortunately, there are 
not enough shapes of this kind included in the transfer tests to make it possible to 
decide whether transfer continues to increase as ratios increase beyond that of the 
transfer shape or whether it then begins to fall off. It is true that the shape with 
the highest ratio (20) has the lowest rank, but this may partly have been determined 
by the close resemblance between the vertical and horizontal projections of this 
shape and those of the original open shape. 

If rats were analysing transfer shapes solely in terms of the ratio C/4/A, certain 
findings would be left unexplained: these are—(a) The difference in discriminability 
of vertical and horizontal shapes as revealed by the results of training. Such a 
difference would not be expected if the shapes were being analysed solely in terms 
of the ratio C/4/A, since the ratios of the two V shapes differ from one another by 
exactly the same amount as the ratios of the two Н shapes. (0) Transfer to the 
rotated open shape (rr) from the original open shape should be complete: there is 
no transfer to this shape. (с) The “М” shape (то) obtains too high a rank in transfer 
(i.e. since it has a high ratio, it should be treated as more like the original open 
shape than it was). (d) The upside down “0” shape (r9) has too low a rank. 

Difficulties (а) and (D) can be met by supposing that analysis of the shapes was 
being conducted simultaneously along a second dimension, possibly on the horizontal 
and vertical projections of the shapes. If the horizontal projections are in some way 
more accurately analysed than the vertical this would explain (z). In analysing 
the projections, the vertical projection alone will be important for animals trained 
on V shapes because there are no differences in the horizontal projections; similarly, 
the horizontal projection alone will be of importance for animals trained on H shapes. 
For each group when the open shape is rotated, the pattern produced on the projection 
relevant to the original discrimination now closely resembles the pattern of the 
projectioh of the original closed shape. Hence if this method of analysis is being 
employed together with classification in terms of the ratio C/A, there should be 
some tendency for the position of the rotated open shape on the transfer rankings 
to shift nearer to the position of the closed shape than would be predicted from the 
size of the ratio C/+/A above. (c) The “М” shape (то) contains finer detail than most 
of the other shapes: if the rat had poor acuity or if neighbouring contours tend to 
inhibit one another this would account for its being too near the closed shape on the 
transfer scale in relation to the size of its C/+/A ratio. (d) The low position of the 
upside down “U” shape is more difficult to explain: it should be noted, however, 
that its position is only too low for the V animals, and that for those animals its 
vertical projection is strikingly like the vertical projection of the original open shape. 

These explanations may seem somewhat speculative, but they can be tested: 
for example, if the high position of shape (rr) is to be accounted for in the way 
described above, we would expected that if animals were trained to discriminate 
between open and closed shapes such that the open shape gave a very different 
pattern on the relevant projection when rotated to the pattern yielded by the 
original closed shape, then the rotation of the open shape should be treated as equiva- 
lent to the original open shape, and not as lying midway between the original ope? 
and closed shapes. - It must be emphasised again that the hypothesis that some 
such ratio as C/A/A. is being analysed gives a remarkably good fit to the data, and 
it is because this fit is so good that the few results which are not explained deserve 
special attention. 


The order of transfer shapes in this experiment-is similar to the ordering obtained 
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іп a previous experiment with octopuses employing the same pairs of training 
shapes and some of the transfer shapes used in this experiment (Sutherland, 1960). 
For example, in the experiment on g€topuses, rectangles were treated as less like 
the closed shape than triangles, the outline closed shape was not treated as equivalent 
to the original closed shape, etc. The “М” shape was shifted towards the open 
shape for dctopuses as compared to its position in the present results: possibly 
visual acuity is better in the octopus than in the rat, and therefore the total contour 
of this shape is taken into account by the octopus's visual analysing system whereas 
it is not by the rat's. x 
Shape ‘preferences A 

It is worth commenting briefly on the rank order of preferences for. the different 
transfer shapes, v. column тт in Table IV: it must be remembered that it is the low 
ranking shapes in this column which are the more strongly preferred shapes. In 
general, it is the shapes with a high C/4/A ratio which are most preferred, but there 
are exceptions to this. In particular the “М” shape (ro) ranks high (i.e. is a non- 
preferred shape): this supports the hypothesis put up earliér that because of the 
smallness of the interspaces between its contours this shape may in fact not have 
all ts contours counted in the analysing mechanism in the rat brain. Two other 
shapes appear in positions which would‘not be predicted in terms of the ratio C/4/A, 
namely the two outline shapes (16, 20). Once again they are too high up the scale. 
They are obviously very different from the other transfer shapes, and in default of 
further evidence it is not worth speculating on the explanation of their positions on 
the preference scale. One very important result is that the rotated open shape is 
in fact the most preferred shape: it will be remembered that on the transfer scale 
this shape had too high a rank. Its low rank on the preference scale strengthens 
the hypothesis that the shapes are being simultaneously analysed along two dimen- 
sions: this shape occupies more or less the expected position on the preference scale 
but it is too high on the transfer scale because of the similarity of its pattern on the 
relevant projection to the pattern of the original closed shape. 

€ 

Methodology of transfer tests А 

It has been necessary to comment at length on this topic in presenting the results 
of transfer tests above. We shall attempt here merely to summarise the principles 
emerging from the earlier discussion. (т) Since in the rat performance in transfer 
tests is influenced both by the original training shapes and by pre-existing preferences 
for shapes, it is essential to train different groups to select opposite members of each 
pair of training shapes used. (2) If this is done it is possible to obtain highly reliable 
transfer scores by combining the results of groups trained positively and negatively 
on the same original shape. (3) The method of giving transfer tests with one shape 
at a time and the method of giving transfer tests with two shapes simultaneously 
exposed both produce reliable results, and the results of the two methods are highly 
consistent with one another. (4) In the situation here used simultaneous transfer 
testing had the disadvantage that many animals developed side preferences in 
transfer tests. The reliability of the results is increased if trials on which such 
preferences were evident are not counted. (5) A further disadvantage of the method 
of simultaneous presentation is that differences in the performance on different 
transfer shapes tend to be less than the differences in performance obtained by the 
method of successive presentation. The reliability of results obtained with simul- 
taneous transfer testing was as high as that of the results of successive as measured 
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by the correlation between the V and H Groups within each method: since, however, 
nearly twice as many trials were given in simultaneous tests as in successive, the 
method of successive tests is more economical in terms of the experimenter's time. 
(6) The successive method has the further advantage that the amount of transfer to 
each shape can be measured independently of which other shapes are included in 
transfer tests: in the simultaneous method, the measure of transfer to each shape 
will be affected by which other transfer shapes are included. 


This work forms part of a project on “Stimulus analysing mechanisms": the project 
is jointly supported by the American Office of Naval Research (Contract N62558-2453) 
and.by the Nuffield Foundation: we are grateful to these bodies for their financial support. 
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' CHOICE REACTION TIMES AND THE THEORY OF 
INTERMITTENCY IN HUMAN PERFORMANCE 
BY 
ў К. DAVIS 


From the Department of Psychology, University of Reading 


One visual signal, drawn from two equi-probable alternatives, was followed at a 

variable interval by a similar signal, also drawn from two equi-probable alternatives. 

The relationship between reaction time to the second signal and the interval between 

signals was studied under the following conditions: (1) Subjects were trained from the 

beginning to regard the first signal as irrelevant. (2) Subjects were asketl to report on 

* the nature of the first signal after they had responded to the second, The interval 

between signals was one of the five values, 50, 100, 150, 200, 250 millisec. In the regular 

| interval situation the same interval was used over a block of 20 trials. In the random inter- 

Г val situation the values of the interval were randomly arranged, with equal frequency 
within each block of 20 trials. е : 

“The results showed: (т) In the random interval situation there was a definite dis- 
turbing effect of the first signal on the reaction time to the second, despite the fact that 
subjects were trained to disregard the first signal. However, the delays in reaction time 

9 were significant only at the shortest interval, 50 millisec. (2) In the regular interval 
situation this disturbing effect was notevident. (3) The additional requirement of having 
to report on the nature of the first signal produced no consistent increase in reaction 
time to the second signal. Some implications of these results for the conception of the 
human operator as a channel of limited capacity are discussed. 


INTRODUCTION 


In a series of papers (Davis, 1956, 1957, 1959) the author has examined the 
conception of the human operator as a single channel information system safter the 
| manner suggested by Craik (1947, 1948), Hick (1948) and Welford (1952), and ex- 
tended the discussion to the way in which information arriving via different sense 
^1 modalities is treated. The general design of all these experiments was similar, 
and consisted of presenting subjects with a pair of signals, separated by a raiüdomly 
varied interval, and measuring the way in which the reaction time (RT) to the 
second signal varied as a function of this interval. Using as evidence the relative 
1 delays observed in these RTs, it was concluded that subjects did behave in an 
intermittent manner, and that the period of intermittency was of the order of 200 milli- 
sec. In the most recent paper (Davis, 1959) it was argued that paying attention 
to a signal, rather than performing any overt response to it, was the crucial factor 
which gave rise to delays in responses to subsequent signals. Fraisse (1957) has 
produced similar evidence. ; : | 
These experiments were all performed using “simple reaction time.’ t There was 
no uncertainty about which signal would arrive, or what the response to it would be. 
The subject was always informed of the order in which signals would occur; the 
only uncertainty lay in the exact time at which they happened. 
Experimenters using choice reaction techniques, in which subjects did not know 
in advance which of two signals would occur, have produced contradictory results. 
Thus, Elithorn and Lawrence (1955), and more recently Halliday, Kerr and Elithorn 
(1960), have argued on the basis of their results that there is no period of inter- 
mittency. Marrill (1957) found that RTs to the second of two signals became 
longer as the interval between them decreased, but that the RT to the second signal 
P3 did not usually become longer then the RT to the first signal, even at the shortest 
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intervals. On the other hand, Welford (1959) found data іп a two-choice situation 
consistent with an intermittency theory. 

A common feature in the design of all these choice reaction experiments, with 
the exception of Welford's (1959), is that, although subjects did not know which of 
two alternative signals would occur first, the second signal was always the opposite 
alternative. Hence, as soon as the first signal arrived, the second sigrial was also 
determined, and consequently there was no longer a genuine two-choice situation 
for the second signal. It is therefore difficult to know what baseline should be used 
to assess whether the second RT is delayed. If it is compared with the RT to the 
first signal this may involve an illegitimate comparison of a simple RT with a 
two-choice RT. 3 

A number of other issues also need resolving. 

First, the possibility existed in one of the author's previous experiments (Davis, 
1959), that subjects were having to inhibit a previously learned response to the 
first of two signals. This could have caused the observed delays. In the present 
experiment subjects were trained from the beginning to regard the first signal as 
irrelevant. 1 n ә } 

The second issue is whether the delay in RT represents a true limit on a subject's 
capacity. Is his attention wholly devoted to dealing with whatever information 
the first signal conveys, or could he, at the same time, be coping with other informa- 
tion requiring some form of attention? Of course, the human organism is continuously 
dealing, more or less automatically, with information, such as the proprioceptive 
information which regulates posture, and upon which accurate movement depends. 
The single channel conception is only feasible when applied to man's ability to deal 
with information which does require some form of attention. 

The present experiment attempts to examine this issue by training subjects to 
regard the first of two signals as irrelevant, and measuring their RTs to a second 
signal given at different intervals afterwards. These results then serve as a baseline 
for a comparison in which the same subjects are asked to report on the nature of 
the first signal, i.e. which out of a number of alternatives it was, after they have 
responded to the second signal. The purpose is to see whether this aspect of the 
first signal can be noticed, and subsequently reported, without further delaying the 
response to the second signal. 

Thirdly, by using a multichoice situation for the second signal, as well as for the 
first, a further possibility can be investigated. One can compare the effect of a 
regular interval between the two signals with the effect of an interval varied at 
random, without risking anticipation of the second signal, which tends to occur 
with regular intervals, when simple RTs are used. 


METHOD 


An experiment to resolve these issues was designed as follows. It was decided to 
use the simplest level of multichoice situation to begin with; two-choice, both for inter- 
polated and for response signal, 


Apparatus 


Four small neon tubes (Ne. 2) were mounted in a square of side 3 in. and were placed 
orthogonally to the subject’s line of sight about 30 in. from his eyes. The top pair of 
tubes constituted Display 1, the bottom pair Display 2. Each display provided one of 
two equi-probable alternative signals (left or right) and the time interval between a signal 
on Display r and a signal on Display 2 could be varied. The resporise panel consiste 
of two sensitive buttons 2 in. apart. The left button was operated by the first finger 
of the subject's left hand, the right button by the first finger of his right hand. The 
response was always to press the left button if the lett light in Display 2 came on, ап 
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to press the right button if the right light in Display 2 came on. RTs to the nearest 
millisec. were recorded using a Venher millisec. clock. 


Procedure > $ 
Each subject went through the following experimental procedure. Normally sessions 
were held on consecutive days. Each session involved 100 responses. 


Session fT. Two-choice reactions were made to the second display only. After a 
“Ready” warning, a switch was thrown with an audible click, as a further warning signal, 
and 1:4 sec. after this click, one of the lights in Display 2 came on, and stayed on, until 
the subject pressed the appropriate button. The left-right occurrence of the lights was 
randomised with equal frequencies over blocks of 20 trials. The subject was merely 
told that the left-right sequence was random, and that there was no point in trying to 
guess which light would come on next. Display т was flot used at all. 


Sessions 2 and 3. The subject was told that he would receive a signal on Display 1, 
shortly before the signal he was to react to on Display 2, but that this first signal was 
to be disregarded completely, and he had, as before, to respond, as rapidly as possible, 
only to Display 2. The left-right arrangements of signals on Displays 1 and 2 were 
randomized independently, with equal frequencies over blocks of 20. The signal on 
Display т occurred 1:4 sec. after the warning click, and lasted for approximately 35 milli- 
sec. The signal on Display 2 occurred at a variable interval between 50 and 250 millisec. 
aftér the onset of the signal on Display r, according to the scheme given below. Session 3 
was the same as Session 2, but with a different random arrangement of signals. 

Sessions 4 and 5. Signals were presented in the same way as in Sessions 2 and 3, 
and the:subject was told to respond as rapidly as possible to the second signal. It was 
emphasized that this was his main task. In addition, he was asked to report, verbally, 
aíter he had made the appropriate response to Display 2, whether the signal on Display 1 
had occurred on the left or right. There was no pressure on the subject to produce this 
report as rapidly as possible, although it was normally given without hesitation after the 
button response. Session 5 was the same as Session 4, but with a different random 
arrangement of signals. 

Three subjects performed under a regular interval situation throughout, and three 
subjects performed under a random interval situation. In the regular interval situation 
each of Sessions 2 to 5 was split up into blocks of 20 presentations. Within each of 
these blocks the interval between first and second signal was constant. Sessions 2 and 4 
consisted of five blocks of 20 presentations, with intervals of 250, 200, 150, I00 and 50 milli- 
sec., in successive blocks, whereas Sessions 3 and 5 consisted of successive blocks of 20 with 
intervals of 50, тоо, 150, 200, 250 millisec, About 15 sec. elapsed between each presenta- 
tion, and there was a rest pause of about 1 min. at the end of each block of 20. Thus, 
although the subject was not told that the intervals were regular, or that they were changed 
between blocks, each change was marked by a clear break. л 

In the random. interval situation, the five values of intervals were randomized so as 
to occur with equal frequency within each block of 20. Otherwise, conditions were 
the same. 

Subjects. Five of the subjects were undergraduate men at The University of Michigan, 
between the ages of 17 and 21. The sixth was a woman secretary of 33. All subjects 
were paid for their services. 


RESULTS AND DISCUSSION 


The results for each subject who performed under the random interval situation 
are shown in Table I, and for those who performed under the regular interval situation 
iti Table II. The “no report" condition consists of the results from Sessions 2 and 3, 
whereas the "report" condition consists of the results from Sessions 4 and 5. The 
results for the control two-choice situation (Session 1) are also shown. 

From these tables the mean RTs at each interval for each subject under the 
random interval condition are plotted in Figure т, and the mean RTs at each interval 
for each subject under the regular interval condition are plotted in Figure 2. One 
notices immediately the difference between the systematic variation of RT with 
interval in Figure 1 as compared with the apparently haphazard variation in Figure 2. 
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have almost the same mean control two-choice RT (254 millisec. and 253 millisec. 
respectively). 

It is thus evident that subject R.B. contributes most of the interaction (Subjects 
x Conditions) In Table III. In some respects this was an atypical subject, first, 
being a woman, secondly, being about 15 years older than the average for the other 
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Regulay intervals. Mean RTs to the second of two signals under conditions of 
reporting, and not reporting, the first signal. 


subjects. It is possible that age is a relevant variable in this type of experiment: 
At each interval, the mean RT for this subject was consistently slightly longer in the 
"report" condition than in the "no-report'" condition. However, a ¢ test showed 
that none of these differences reach significance at p = 0:05. z 

Thus, with regard to the effect of conditions, we may conclude that introducing 
the requirement of reporting the first signal had no significant influence on the R 
to the second signal, or at least, it is perfectly possible for a subject to respond just 
as rapidly in the “report” condition, as in the “io-report” condition. 
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The largest effect is due to the intervals between signals. This effect may be 
examined further by considering the magnitude of delays in RT to the second signal, 
where ''delay'' is the difference between the mean RT at a particular interval and 
the control two-choice RT. 


в 


TABLE III 


ANALYSIS OF VARIANCE FOR THE RANDOM INTERVAL SITUATION 


ч. 
| Source 


d.f. MS TAUTA i 
г * | 
Subjects 2 18,341 8:51 p <o-001 
Intervals 4 51,183 23:744, »| P «o'oor 
Conditions .. р І 6,252 2:90 — 
Subjects x Intervals 8 2,706 1:26 — 
Subjects x Conditions Я 2 23,804 ІІ:04 р <o-001 
n Intervals x Conditions .. s 4 329 <I — 
А Subjects x Intervals x Conditions 8 1,059 <I -— 
Exror x ie CE us vs 1,170 % 2,156 ^ — — 
Total .. ES on sts ГЕ 1,199 
o 


| TABLE IV 


ANALYSIS OF VARIANCE FOR THE RANDOM INTERVAL SITUATION, SUBJECT К.В. EXCLUDED 


| Source d.f. MS. i 
Subjects .. т 12,442 6:44 "b <0:025 
| Intervals 4 40,126 20:78 р <o-001 
Conditions .. s I 3,771 1:95 amt 
4 Subjects x Intervals 4 2,247 1:16 — 
Subjects x Conditions E I 3 «x — 
Intervals x Conditions .. as 4 258 <I — 
| Subjects. x Intervals x Conditions 4 1,286 <I = 
| Error А Ё Е 780 1,931 =< zm 
rd Total .. 54 a Жы Gg 
H —————————— 
| 


(0) For J.F. the delay falls from a maximum of 44 millisec. at interval 50 millisec. 
to a minimum of т millisec. at an interval 150 millisec. А / test for this 


| From the “по-терогі” condition in Table І one may observe:— 
difference gives p < 0:025. 
| (2 For W.P. the delay falls from a maximum of 48 millisec. at interval 50 milli- 


sec. to a minimum of 8 millisec. at interval 200 millisec. (p —0:025). 


(3) For R.B. the delay falls from a maximum of 25 millisec. at interval 50 millisec. 
" toa minimum of —12 millisec. at interval 150 millisec. (р <0°025). 


Thus, as the interval between signals becomes longer, although the decrease 
in delay is not regular, and although individual differences exist between subjects, 
there is an overall tendency for"a decrease from a maximum delay at the shortest 
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interval of 50 millisec. to a minimum, which does not differ significantly from the 
control two-choice RT. Although this minimum occurs at r50 millisec. for two 
subjects and at 200 millisec. for the third, it should be pointed out that the delays 
are not large enough to reach significance for intervals greater than 50 millisec. In 
comparing these results with previous work by the author, one might suggest that, 
although paying attention to a signal, for whatever reason, causes some sort of central 
delay in dealing with subsequent signals, this delay is not necessarily as long as if 
an overt response had to be organized to the first signal. One should remark that 
the delays in the present experiment are measured using a two-choice situation, 
whereas in the author's previous experiments simple RT was used. However, 
Welford (r959), using a situation in which an immediate response was required to 
each of two consecutive signals, each drawn from two alternatives, found delays 
comparable with those in a simple RT situation. 


Regular interval situation 


Table V is a summary of an analysis of variance for the regular interval situation. 
The triple interaction (Subjects x Intervals x Conditions) is significant (F = 2:28, 


TABLE V 


ANALYSIS OF VARIANCE FOR THE REGULAR INTERVAL SITUATION 


Source d.f. MS. 195 
Subjects 2 110,093 61:71 р <о'оог 
Intervals 4 7,426 4:06 p «0005 
Conditions .. | .. ot a s 1 7,833 4:39 р «0025 
Subjects x Intervals m ws vx 8 3,793 2:13 p <0'05 
Subjects x Conditions 2 67,068 37:59 р «ooor 
Intervals x Conditions .. s 4 5,766 323 p <0:025 
Subjects x Intervals x Conditions 8 4,060 2:28 р «0:025 
Error M. 3 T d 2270 1,784 — == 
Total .. Б d EE pi 1,199 
ЕТЫ Р PI A UM A E A A der BR AR == 


d.f. = 8/1170, p <0:025), so that it makes little sense to discuss the main effects in 
isolation. However, it is clear that the effect due to intervals, is very much less 
than that in the random interval situation. The largest variance is between subjects, 
although it should be pointed out that this can be reduced by adding a constant 
to each RT for subject R.S., to compensate for the fact that the control two-choice 
RT for this subject is considerably shorter than the control values for the other 
subject. Thus, if one adds 42 millisec. to each RT for this subject the MS value 
for subjects in Table V reduces to 23489 (Е = 1r3:17, df. = 2/1170, $ <0:001), 
which, however, is still the largest main effect. 

If the mean RTs at each interval in Table II are compared with the control 
two-choice RTs, subjects S.Z. and W.R. show no significant variation over the 
whole range of intervals and conditions. Subject R.S. shows no significant variation 
over intervals in the "no-report" condition, but in the “report” condition a t test 
shows significant delays for this subject, at the two shortest intervals (55 millisec. 
delay at interval 50 millisec., p <o-or, and 42 millisec. delay at interval тоо millisec., 
р <0025). However, an exception of this kind.does not invalidate the general 
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argument, that it is possible to report on the first signal, without delaying the response 
to the second. The fact that it is possible is clearly demonstrated by the other 
subjects, in both the regular and random interval situations. 

It might be argued that, since subjects always did the "report" condition after 
the “‘по-терогі” condition, if there were an improvement in successive sessions due 
to practice, this improvement might obscure any deterioration in performance in 
the "report" condition. 

This difficulty is an inevitable consequence of the experimental design, in which 
subjects were used as their own controls. It cannot be overcome by reversing the 
order in which the “терогі” and the "no-report" conditions are presented, since this 
would introduce a further complication which the author particularly wished to'avoid 
and which was mentioned in the Introduction. This is that, if subjects perform the 
"report" condition first, it becomes extremely difficult to interpret ¢htir behaviour 
in the "no-report" condition afterwards. Once having had to take notice of the 
first signal, they may go on taking notice of it, and may have to inhibit the previously 
learned response to it. An alternative solution might be to abandon the use of sub- 
jects as their own controls and to use each subject for one condition only. This 
Would, of course, require a considerably larger number of subjects. 

Some idea of the importance of any practice effect may be gained by comparing 
{Йе results of the two successive “no-report’’ conditions, Sessions 2 and 3. 

If one considers the difference in mean reaction times between Sessions 2 and 3 
for the three subjects in the regular interval situation, for each of the five values of 
interval used, and if one considers, as a first approximation, the direction of the 
differences only, Session 3 shows Io cases of improvement and five cases of deteriora- 
tion compared with Session 2. The corresponding figures for the three subjects in 
the random interval situation are rr improvements and four deteriorations. In 
neither case are there a sufficient number of changes in one direction to establish 
a significant difference at p = 0:05 by the simple sign test (Siegel, 1956). : 

To go further and consider the magnitude of the differences, an approximate 
measure can be obtained by taking the difference between the mean reaction time 
in Session 2 and the mean reaction time in Session 3, for each subject at each interval, 
and using the mean of these differences as an overall measure. For the regular 
interval situation this gives a mean improvement of approximately 6 millisec. in 
Session 3 compared with Session 2, and for the random interval situation the mean 
improvement is approximately 10 millisec. T 

Thus the magnitude of any practice effect would not have been sufficient to 
obscure a real difference between the "no-report" and the "report" conditions, if 


this had existed. 
CONCLUSIONS 


The conclusions the author draws from these results may be summarized :— 

(r) In the random interval situation there was a disturbing effect on the response 
to the second signal, caused by interpolating a previous signal, even though 
subjects had been told that the first signal was completely irrelevant to their 
task. The effect was significant only at the shortest jnterval, 50 millisec. 

(2) This effect was not present when the two signals were presented with a 
fixed interval between them, even though the values of these intervals 
were the same as in the random interval situation. 

(3) For both random and regular interval situations, it was possible to report 
on the nature of the first signal, after responding to the second, without 
causing any further delyy in the response to the second signal. s 
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From these conclusions one may draw the following theoretical implications:— 
(т) The fact that the first signal gave rise to a delay in the random interval 
situation supports the notion of “central blocking" proposed in the inter- 
mittency theory. However, the duration of the block was appreciably 
shorter than the value of 200 millisec. proposed by the author for simple RT 
situations. This suggests that the blockage caused by paying attention to 
a signal may not be as long as when an overt response to it has to be organized. 
(2) Since it is proposed that any sort of central analysis of a signal causes a 
block of a certain duration, then the fact that the first signal could be identi- 
. fied without causing a delay in the response to the second is taken by the 
author to imply that it is held in store before being analysed. Since it is 
unlikely that this storage was completely peripheral (e.g. in the form of 
after-images) the results suggest that the central decision system has some 
kind of short term store, in which signals are held before they are admitted 
for analysis, after the manner suggested by Broadbent (1958). The order 
in which signals arrive does not determine the order in which they will be 
analysed. : : 
(3) To explain the fact that, in the regular interval situation, there were no 
significant delays at the shortest interval (but for one exception), one might 
suggest that, if the subject is set to deal with another signal at a fixed interval 
afterwards, he can hold the first signal in store, and postpone its analysis, 
until the second has been dealt with. If, however, the time at which the 
second signal will occur is not known by the subject beforehand, there is 
a tendency to start the analysis of the first signal. Hence, if a second signal 
does arrive shortly after the first, it will find the central mechanisms blocked. 


This research was carried out while the author held a visiting fellowship at the Uni- 
versity of Michigan from the Department of Scientific and Industrial Research. The 
experiment was conducted as a part of a programme of research supported by the U.S.A.F. 
Office of Scientific Research (Dr. Paul M. Fitts, Supervisor) Use of the facilities of the 
Mental Health Research Institute (Dr. J. G. Miller, Director) is also gratefully acknow- 
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THE EFFECT OF INTERMITTENT ILLUMINATION ON 
THE VISUAL ACUITY THRESHOLD 


BY 


: K. GIBBINS and C. I. HOWARTH 
From the Department of Psychology, University of Hull 


Senders (1949) reported that with intermittent illumination short flashes needed less 
energy than larger ones to make a visual acuity target visible. This apparent breakdown 
of th® reciprocal relationship between time and intensity, which has been found almost 
universally by earlier workers under a very wide range of experimental conditions, raised 
a number of interesting theoretical issues such as the relationship betweer visual acuity 
and intensity discrimination thresholds, and the plausible importance of eye movements 
in each, Unfortunately we have been unable to repeat Senders' result in spite of the 
most determined efforts to reproduce her experimental conditions. We are unable to 
suggest why our results differ from hers, but feel that our experiments at least show 
that her data are very difficult to reproduce and hence no general theoretical argument 

в P 


can be based on them. 

In view of this we felt at liberty to predict results on the basis of a model, we had 
tentatively constructed, which we regarded as integrating Bloch’s and Talbot's laws. 
This enabled us to make predictions about the effect of frequency of repetitive stimulation 
on thresholds. Experiments were cartied out to ascertain how far these predictions 
were substantiated. Agreement was remarkably good. 


INTRODUCTION 


Senders (1949) reported that with repetitive illumination, flashes of light which 
were short in relation to the repetition time required less light energy than longer 
ones for the subject to be able to distinguish a grating. This is in opposition to 
what would be expected on the basis of Bloch’s law. Bloch’s law applies to single i 
flashes of light and states that the energy required for threshold is constant provided 
the flash is shorter than a critical duration, i.e. increasing the duration of a flash 
allows the decreasing of intensity proportionately for the same visual effect. Well 
above the critical duration variation in duration is irrelevant and intensity is çonstant. 

This law is one of the best established in the study of vision. It holds for 
differential and absolute thresholds, for different colours of light (Rouse), for the 
perception of a number of dots. It also holds for acuity targets (Niven and Brown, 
1944; Graham and Cook, 1937). ; ' 

Senders, used repetitive flashes for which the analogous law is Talbot’s law. 
This states that for lights flickering above fusion the mean intensity over time is 
matched in brightness by a steady light of the same mean intensity. Thusa flashing 
light may consist of short bright flashes or of long proportionately dimmer flashes 
and yet have equal brightness. Now Talbot’s law applies to matched brightness 
not to thresholds, but it has usually been regarded as a corollary of Bloch's law, 
brightness and thresholds being regarded as two indices of effective intensity. - 

* Senders’ findings bring this relationship between the two laws into question. 
For her evidence indicates that for a threshold criterion with repetitive stimulation 
both above and below fusion the expected result (reciprocity ot duration and intensity) 
dogs not occur. Her explanation (Senders, 1954) in terms of eye movement is very 
plausible, but her findings still ruin the generality of the relationship. 


Aim of the paper 
The aims of this research ave threefold. é 
‘o e 
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(i) Primarily it was simply a question of trying to repeat Senders' findings. 
(2) Secondly, in view of a failure to do this easily the aim was to determine 
what factors are responsible for her effect. , 


(3) As none of our experiments were able to produce this effect, the aim became 
simply to find out how the intensity threshold for an acuity task varied with 
the frequency and flash duration of repetitive illumination. 


Attempts to repeat Senders’ results 


It did not occur to us at the very beginning of this series of experiments to doubt 
Senders’ findings; our first experiment sought to repeat her results under davlight 
illumination. 


EXPERIMENT I 


Apparatus. The first pilot experiment involving only one subject was carried out 
with very crude equipment. The adaptation illumination was simply the daylight pouring 
into the other end of the laboratory. The equipment utilized a piece of Perspex on which 
lines had been scribed roughly parallel, but of no consistent width, the shadows of which, 
cast by the light of a pointolite via a wedge and lens system on to a paper screen, COil- 
stituted the target. The lens system brought the light to a focus where it was chopped 
by a variable sectored wheel, driven by a constant speed motor through a series of 
belt gears. : 

Procedure. The subject simply varied the intensity by means of the wedge until he 
could just see the lines on the screen, for any given size of sector (duration of flash). 


Results 
The results seemed consistent with Bloch's law. 


EXPERIMENT 2 


It was ‘decided to repeat Senders’ findings under conditions of dark adaptation 
(as she had) and then under comparable conditions and with the same equipment 
except that the eye would be light adapted. It was felt that if the pilot experiment 
result were valid (i.e. phenomena followed Bloch’s law), this would be very interesting 
in view bf Senders’ hypothesis of eye movements as we would expect, if anything, 
a greater effect under light adapted conditions. 
. "Apparatus. The equipment was, therefore, modified and generally tidied up, the 
light source was a 6-volt car bulb whose light passed through a lens and was brought 
to a focus where the same variable sectored disc could chop the light sharply. Near 
this point, too, was a neutral density wedge. The light then passed through a more 
carefully made Perspex target of carefully etched lines, casting their shadows on a small 
screen. The whole apparatus was carefully screened—mostly with black painted card- 


board tubes. The subject was also screened by means of a wire and black paper curved 
Screen, 


Procedwre. "The subject was dark adapted for 20 min. 


All settings were carried out by the light of a red hand lamp after the screened subject 


had closed his eyes. 
The subject was always in total darkness except for the stimulus. 


To test the effect of adaptation two procedures were used. In one, the procedure 


was similar to Senders’—the train of flashes was of indefinite length and the subject 
raised the intensity until he could clearly see the lines, waited 5 sec. and then lowered 
the intensity and quickly raised it to threshold level. In the other, r sec. bursts were 
given every то sec., to allow maximal adaptive recovery, the subject simply raised the 
intensity until he could just see the line. a 

Durations were randomized as were the conditions. Twenty estimations were made 
per point, Only one subject was used, Durations were measured by photocell and 
oscilloscope and the repetition rate checked by automatic counter. 
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The data shown in Figure 1 are clearly consistent with Bloch's law. This result 
was interesting in that no evidence for Senders’ findings was shown even for the , «= 
dark adapted eye if only from one subject. 
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Results for subject Keith Gibbins. : р 

Intensity threshold for an acuity target using repetitive flashes of various durations 
occurring 5:56 times per sec. : 4 

The filled circles represent results using the upward method of limits. ‘The open 
circles represent the results obtained using Senders’ method. Twenty estimations per 
point. Standard errors all smaller than o'r LU. 

The line represents the reciprocal relation between I апа? (Bloch's law). 
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| EXPERIMENT 3 


À It was decided to make the equipment more like Senders’ before carrying out 
* more experiments. 
| Apparatus. The light source was again a pointolite giving a smooth output as checked 
by photocell and oscilloscope. A new disc was made, of aluminium alloy giving a maximum 
LTF of 0-43. It actually consisted of two identical discs with the same size slot cut in 
each, each being separately counterweighted. The LTF was varied by setting the discs 
at various relative angles, thus varying the size of the slot. Direct measurement and 
size of slot, together with the speed of the wheel, as well as calibration with photocell 
{nd scope gave us the durations of the flashes for various slot size settings. 
e More important a new grating was made. This consisted of a 35 mm. film of a large 
М grating made of a sheet of white paper on which strips of black paper were pasted. The 
negative was mounted on a film strip viewer from which the lens had been removed and 
the subject viewed the negative directly. The negative was evenly illuminated by the 
light beam falling on the diffusing screen of the viewer. A mask cut down the apparent 
size of this grating to that Senders’ reports as optimal—a 1° X 1" square each bar of 
the gfating subtending 6:4 min. of arc. The target appears to have been in all respects 
identical with Senders’. Randomized durations were again used. — 
| Procedure. Procedure was as before, the upward method of limits. i 
The possibility also arose that another feature of her procedure was responsible for 
her effect. This was the fact that she did not use a randomized design. Owing to,the 
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fact that with her equipment the size of the sector could not be changed and that to 
change the duration it was necessary to replace the disc, she did IO trials at each duration, 
beginning with steady light and then going through the LTFs in descending order and 
then “іп an attempt to balance out sequential effects, groups of то trials were presented 
in ascending order of LTF.” This would mean that any practice or adaptation effects 
which were not linearly related to time or order would have an effect on the results and 
might even produce Senders' effect. ? 


Results 
The results are shown in Figure 2. The straight lines are Talbot's law lines 
giving the predictions for reciprocity of I and £. The dotted lines are for guidance 


FIGURE 2 
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Results using an equipment as much like Senders' as could be ascertained. Subjects 
—Keith Gibbins and Neville Moray. 

Senders’ method used. Twenty estimations per point. 

Each curve was obtained on a different occasion. 

The dotted curves meet the ordinate at duration representing one cycle. They are 
not theoretical curves. 

The straight lines represent Bloch's law. 


only. They meet the time axis at points which represent the duration of one complete 
cycle and are otherwise drawn to pass as near as possible to the points for the given 
frequency. Only one line has been drawn for the lowest two speeds (153 
and 176 c.p.s.). 

The general conclusion must be that there is no evidence for any large improvement 
on Talbot's or Bloch's law for results of low LTF’s such as Senders reports. 

As each curve was obtained on a separate occasion no reliance can be placed 
upon their relative positions. The expected general finding of determined threshold 
for a given duration as frequency increases is found, but the middle two frequencies 
3'0 and 6:3 c.p.s. cannot be said to be significantly different. 


Discussion 


Again it is just possible that there is some difference between the present equip- 
ment and Senders’ which results in our subjects having smaller eye movements an 
thus not allowing the operation of the process Seriders thinks is responsible for her 
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effect. The experiment was, therefore, repeated on two subjects with a grating of 
lines of less than half the size (2:3 min.) and also with a hairline object (32 sec.). 
This should have counteracted any such decrease. However, no significant deviation 
from Bloch's law in any direction was apparent in the results. 

Here we seem to be at an impasse. Senders has reported certain findings and 
put forward an entirely adequate and plausible theory to explain them. In addition, 
she is apparently supported by two sets of independent evidence, the work of Nach- 
mias (1958) and of Gerathewohl and Taylor (1953) as reviewed by Senders (1954) 
which seem like repetitions of her finding. н 

One of the most interesting aspects of Senders' reported findings was that the 
result she obtained fell between conditions where Bloch's law applies and where 
Talbot's law applies; in the former we are dealing with single flashes, in the latter 
with flashes above fusion. The conditions of the present experiments ‘do not give 
Senders' theoretically awkward results, the question then must be answered "What 
does happen when we have repetitive flashes below fusion?" 

Some indication can be obtained from Figure 2, but as these represent curves 
taken on different days the relationship between them is not reliable, due to day-to-day 
fluctuation, for example. 

we EXPERIMENT 4 

It was decided to perform an experiment in which results from various frequencies 
were obtained, within a short time. 

Apparatus. For the subject’s comfort a projection system was used, in principle 
similar to the pilot experiment. The screen was let into the wall between two rooms. 
The dark adapted subject saw only the screen on which at high intensity stimulus levels 
bright bars were seen caused by the light passing through a grid of wires designed to 
give equal light and dark bars of visual angle 20 min. on a circular screen of 8° visual 


angle in diameter. f » 

A constant speed motor drove a series of belt-driven gears which could give any of 
six speeds. These speeds were calibrated by photocell and oscilloscope and checked by 
stroboscope. Interchangeable discs of various sector sizes gave pulse-to-cycle ratios 
(light time fraction) of o'I, 0:3, 0:5, 0:7 and 0-9. [ 

The light source was a pointolite checked for ripple by photocell and oscilloscope. 

The order of the discs were randomized within a set and for each disc determinations 
were made for three speeds in random order. Ten estimations were made per point. 
Three subjects were used. There were two See with speeds of 9:62, 4:24 and 
1:67 c.p.s. and 4:81, 2-13 and 0:835 c.p.s. respectively. ) f 

T he. оси dusk adaptation raised the intensity until he could just see the 
bars, then signalled for the reading to be taken. 


Results 
The results are shown in Figures 3 and 4. 


DISCUSSION 


Influenced by the present mode of considering the eye as an attenuating system 
the authors have developed a model of the behaviour of the visual system in the 
threshold situation based on the idea of a series Resistive-Capacity network (Low- 
passfilter) ог more generally as a system whose exponential behaviour has equal 
rise and decay times (time constant). 

In terms of the circuit an applied intensity is seen as analogous with an applied 
voltage (V,) the threshold may be represented as a critical value of effective intensity 
after attenuation analogous to dn instantaneous voltage V; across the capacitor ; 

dr є 
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Intensity thresholds for acuity targets with intermittent illumination of 1:67 (crosses), 
4:24 (open circles) and 9:62 (filled circles) c.p.s. + 

Mean of results of three subjects each of whom made 20 estimates per point. Senders 
balancing method. 

I, was estimated. E. 

Curves are theoretical assuming R.C. model with a time constant oí 200 millisec. 


FIGURE 4 
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Intensity thresholds for acuity targets with intermittent illumination of 0°83 (070858), 
2:12 (open circles) and 4:81 c.p.s. (filled circles). 
Mean of results of three subjects, each of whom made 20 stiinulations per 
Senders' balancing method. 
I, is estimated. illisec. 
Curves are theoretical, assuming К.С. circuit modéi with a time constant of 200 millisec. 
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now V, = V, (т — e-tre) for a single pulse, where rc is the time constant, thus the 
Я : Е i pe V Р 
value of V, applied for У, just to reach,a given value (V,) is V, = =n . This 


represents the Bloch’s law situation, that is, it has the property that V, asymptotes 
at V, = copstant from short applied voltage and at V, = constant for long applied 
voltage. Results for train of pulses will have steady-state conditions varying with 
the frequency. 

The interest of the data of Figures 3 and 4 lies for the authors in this relationship 
with these theoretical curves. 

It should be noted that as it stands the model isequite rigid. There are two 
possible variations. Variation in the time constant will simply have the effect of 
moving the base line by a proportional change in time constant and of clranging the 
labelling of the curves by a like amount. Any variation in criterion voltage (V,) 
will move the curves proportionately up and down the abscissa. 

The curves represent the predicted theoretical result assuming a time constant 
of 200 millisec. To know how to interpret the relevance of the data it is necessary 
to Consider the assumptions made. The time constant was determined by fitting 
the slowest frequency curve to that of the theoretical curve of a single flash, from 
whith it would not be expected to diverge significantly. Owing to the imperfect 
accuracy of this procedure the time constant used was taken as a round figure 
(200 millisec.). 

Theoretical curves were then calculated for the actual frequencies. This located 
the theoretical data in the time dimension. 

The value of time constant chosen obviously does not coincide with the critical 
duration as the term has most recently been used, but in the work of Graham and 
Margaria (1935) "critical duration" was defined in the same way as is our time 
constant, ie. where asymptotes meet and a maximum value of roo millisec. was 
obtained. However, Baumgardt and Hillman (r961), for example, use it to mean 
the duration at which actual data deviate from an Iż = constant line. In both 
their data and in Barlow’s (1958) this is found to be about тоо millisec. whereas the 
time constant varies between тоо and about 500 millisec. It should be noted that 
these workers used single flashes peripherally presented and determined differential 
thresholds. These results differ appreciably from those of Graham and Margaria 
(1935). Baumgardt and Hillman (1961) have, however, put forward a very plausible 
explanation of the discrepancy and it seems their own results are a better basis from 
which to work. Consequently, it seems that our choice of 200 millisec. for the time 
constant is a reasonable one, as it fits very well with their data. 

As may be seen the points are consistent with the theoretical curve—within the 
limits of experimental error. The predicted more gentle change from I = constant 
to Iż = constant for lower frequencies, is definitely present and the data are con- 
sistent with the bunching of curves at low frequencies predicted by the theory. 

This brings us back to Senders. Her results are apparently supported by the 
work of Nachmias (1961) who also reported that under her conditions the shorter 
flashes have lower energy threshold than might have been expected on the basis of 
Talbot’s law. However, in a note (Gibbins, 1961) опе of us has pointed out that 
his data do not require this interpretation. In fact, they are in very good agreement 
with the results which would be predicted on the basis of the theory presented here. 
He used constant duration pulses (10-4 millisec.) and varied the frequency. Some 
of his data plotted simply as log of relative intensity against log frequency is shown 
in Figure 5 along with the theoretical Шш for this case. The remainder of*his 
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data have been considered in the note mentioned. 'The authors do not feel that 
Nachmias’ evidence does, in fact, give any support to Senders’ case, in fact, they 
fit our own theoretical curve rather well when allowance is made for the probable 
slight inaccuracy of the steady light threshold. However, discussion is continuing 
(Nachmias, 1961 and personal communication). 

Senders has also claimed support from the work of Garathewohl and Taylor 
(1953). They investigated the effect of flickering light on reading matter of varying 
contrasts. They themselves felt their data obeyed Talbot's law (constant average 
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A replot of some of Nachmias' data. і 

Filled circles are the results for subject R.V., the open circles are those of subject 
E.G.H.» In each set of results at any frequency, the upper pair of points represent 
results for an acuity task using short bursts of repetitive stimulation, the lower рап, & 
brightness matching task using a similar short train of flashes. as 

The curve is theoretical, using the R.C. model with a time constant of 100 millisec. 


intensity for equal brightness), but Senders (1954) has replotted their data, and her 
contention looks convincing. However, closer examination shows that this is not 50. 
They used a card of printed matter whose contrast decreased line by line from 
black-on-white through black-on-grey to black-on-black. They give the mean 
reflectance of each line and Senders appears to have plotted the reflectance of the 
last line read against LTF of light used. However, this value gives only the intensity 
of the average light reflected and as is shown by the very title of the paper it 15 the 
contrast that matters. No amount of light will enable a subject to read a message 
if words and background are identically bright. Consequently the present authors 
feel the data to be irrelevant. d 
We feel the present repetition of her experiments to have been as full as coul 
reasonably be expected, but they were completely unsuccessful in repeating her 
results. Some unnoted difference in experiment is probably present, but our M. 
seems to indicate that her results are not the very important nigger-in-the-theoretc?" 
woodpile which we first thought they were. 
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The theory put forward in this paper to account for Bloch’s law is regarded only 
as tentative. The eye is a complex mechanism and so simple а model is surely wrong. 
However, it appears to have some promise. It is hoped in a further article to 
consider comparatively various theories of Bloch’s law and their predictive power. 
We feel its relative freedom from arbitrary constants and its difference from other 
Bloch’s law? theories renders its use permissible in the present paper. 


The work on which this paper is based was carried out under a contract with the 
Director General of Medical Services, Royal Air Force Flying Personnel Research 
Committee (Vision Sub-Committee). Gd фы 
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WOODPILE REVISITED: A COMMENT ON GIBBINS AND 
HOWARTHS' FAILURE TO REPZAT SENDERS' FINDINGS 


BY 


JOHN W. SENDERS and VIRGINIA L. SENDERS* 


From Bolt Beranek and Newman, Cambridge, Mass. and the Department of Psychology, 
University of Minnesota 


Gibbins and Howarth (1962) do not get the effect that Senders (1040) did get. 
Gibbins (rgór) disagrees with Nachmias' interpretation of Nachmias' data (1958). 
Gibbins and Howarth (1962) take issue with Senders' interpretation (1954) of Gerathe- 
wohl and Taylor's data (1953). The arguments about interpretation are certainly 
legitimate, but the failure to reproduce the effect is, at first examination, highly 
surprising. 

That the effect is not universai is clear—Gibbins and Howarth cannot find it 
and Nachmias did not find it under some conditions. That it exists is also clear 
— Senders found it, and so did Nachmias under some other conditions. And, in 
Senders’ experiments at least, it was a large, noticeable effect. A frequent comment 
of the observers, none of them naive, was that “It seems too dim but I can still see 
the bars clearly.” Subjectively, the grid became identifiable as such almost as soon 
as it became visible as a patch of light. Both the authors have clear memories 
of the simultaneous dimness of the target patch and clarity of the bars. 

The visual mechanism is a sensitive and complicated one, reflecting subtle changes 
in procedure by large differences in results. The range of values of visual acuity 
obtained from the use of different kinds of targets, to cite but one example, bears 
ample witness to this fact. One dare not be "approximate" in visual experimenta- 
tion; one dare not make "insignificant changes" in optics, targets, response indicators, 
or procedure on the assumption that these changes will have no effect. In their 
experiments I and II, Gibbins and Howarth used narrow dark bars on a bright 
field, for example, instead of equal stripes of bright and dark. (If Senders’ inter- 
pretation of her data is correct, the greatest effect should probably be obtained from 
bright bars on a dark field.) This is a minor variation. There is a more important 
one. Apparently Gibbins and Howarth did not use a fixation point in any of their 
experiments. Nachmias and Senders used similar apparatus, and both used fixation 
marks, carefully controlled. At the very least, we would expect that failure to 
control gross eye-movements (or even head movements) would add to response vari- 
ability and partially mask any effect that is present. If Senders' interpretation is 
correct, gross eye-movements could do more than mask the effect—they could elimi- 
nate it completely. Perhaps Gibbins and Howarth have inadvertently carried out 
something close to an experimentum crucis: by demonstrating that without fixation 
the effect does not occur, they have underscored the probable réle of psychological 
nystagmus in enhancing the effectiveness of interrupted light. 


*It has been a number of years since I have given much thought to theoretical 
problems connected with the study of visual acuity. I have therefore sought the assistance 
of a colleague and "close associate" who also served as one of the trial subjects in the 
preliminary phases of my study. His memory of the original experiment is as good as 
mine, and his current thinking is undoubtedly better. What follows is the product of 
our joint thinking. Much of the work is his, but the final responsibility remains, Q: 
course, my own. : V. LS 
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Gibbins and Howarth disagree with Senders' interpretation of Gerathewohl and 
Taylor's data, arguing that "it is the contrast that matters." Gerathewohl and Taylor 
used black letters (rather than letters of different shades of grey) on а background 
of varying reflectance, so a measure of contrast and a measure of reflectance 
are functionally equivalent. In all the targets under discussion—Gibbins’ and 
Howarth's? Nachmias’, and Senders'—it is certainly the contrast that matters, 
whether that contrast is obtained by transillumination or by reflectance. The three 
experimental situations are in this respect identical, and theoretical considerations 
that apply to one should apply to all. . 

In summary, the effect that Nachmias and Senders found was large and repro- 
ducible. Less energy was required to see the grid than would have been used if 
IT — K for the acuity function. Whether the explanation proposed by Senders 
is correct remains to be demonstrated. Gibbins and Howarth have, by fheir results, 
suggested an experimental variable, fixation, that deserves more carefully controlled 
experimentation than it has yet received. 
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SHORTER ARTICLES AND NOTES 
NOISE AND LOSS OF SLEEP 


BY 


D. W. J. CORCORAN 
From the Applied Psychology Research. Unit, Medical Research Council, Cambridge 


Two experiments are reported in which human performance was compared under 
continuous 90 dB. white noise, after loss of sleep, under a combination of the two and 
under appropriate control conditions. The results suggest that noise is effective in reduc- 
ing the deterioration in performance, characteristic of loss of sleep. The relevance of 
the result to the arousal theory of loss of sleep is discussed. 


INTRODUCTION 


Theories of the effects of losing sleep nearly all refer to the róle of the brain 
stem reticular formation, whose function as an "arouser" or "activator" becomes 
depressed by periods without sleep (Williams, Lubin and Goodnow, 1959; Wilkinson, 
1958). Since the system is largely dependent upon stimulation in order to function 
in this way, it may follow that the degree of arousal of an organism is propórtional 
to the degree to which it is stimulated. Depth of sleep for example, is frequently 
measured by the loudness of sounds necessary to wake the sleeper (Kleitman, 1939). 

On the basis of arousal theory one would expect that the performance of sleepy 
people (not only sleeping people) would be improved by high levels of stimulation. 
In the past stimulation has been supplied by such measures as increased incentive 
(Wilkinson, 1961), task complexity (Wilkinson, 1958) or punishing blasts of noise 
contingent upon poor performance (Kornetsky et al., 1959). Each of these methods 
has been effective in the expected direction, but each is very much task orientated. 
Thus it is still questionable whether or not stimulation not associated in any way 
with the task would produce the same results, 

High intensity noise fed continuously to the subject whilst he is performing 
after loss of sleep ought, on the simple arousal model, to improve his performance 
in relation to his level in the absence of noise. Noise at 100 dB. or more adminis- 
tered in this way, however, is frequently found in certain situations to lower per- 
formance under normal sleep conditions (Broadbent, 1953, 1958). The specific 
question then becomes, will the effects of noise summate with those of loss of sleep 
to induce an even greater performance decrement or will noise subtract from the 
performance decrement caused by loss of sleep? In order to test these expectations 
two experiments were performed. 


EXPERIMENT I 
Task 


A visual version of Bakan's auditory vigilance task was constructed (Bakan, 105%. 
A roll of white paper 1 in. wide was passed at a uniform speed behind a slit т in. by 4 in. 
in a black screen. Printed in succession onthe roll were numbers from one to nine 
which gave the impression of being random. The paper roll moved at such a speed that 
each number was visible for one second after which it was replaced by the next number 
and so on. At certain places on the roll three successive odd numbers appeared which 
were all different, e.g. 351. "These were the signals for which the subjects were instructed 
to watch and report verbally. The task was prolonged for 30 min. so that 1800 numbers 
were presented, in which there were 20 sequences of the kind described. These were 
interspersed irregularly in the series such that 5 occurred in each quarter of the test. 
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Procedure = 

The subjects were 31 young naval ratings aged between 18 and 27 years. All subjects 
were examined audiometrically before taking part in the experiment and were assigned 
to one of four groups at random. Each group was then tested under one of the four 
possible combinations of noise and loss of sleep. Group 1 was tested under fairly quiet 
laboratory £onditions after normal sleep on the previous night. Group 2 under quiet 
conditions after loss of approximately 57 hr. of sleep, that is, on the third afternoon of 
their deprivation. Group 3 was tested whilst white noise was administered through 
headphones continuously through the test, and under normal sleep conditions. Group 4 
was tested in noise, after loss of sleep. (Exact measurement of noise level through 
headphones is difficult. It has been estimated, however, that the subjects received 
about до dB. in this and the following experiment. Headphones were not used in the 
quiet Conditions. These conditions will be referred to as 5/0, NS/Q, S/N, and NS/N 
respectively. 

Each subject was given the task instructions before the test and а fhree minute 

» practice session in quiet was administered in order to make sure that the instructions 
were clearly understood. 
RESULTS OF EXPERIMENT I 


Figure т shows the average performance during each successive quarter of the test. 


- 
' — Loss of sleep was found to have a significant effect on performance whether it was 
5 FIGURE 1 
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carried out under noisy or quiet conditions. A comparison of the mean scores gives 
a Mann-Whitney U = 6, p = oor for the S/Q and NS/Q comparison and a U = 9, 
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p = 0:02 for the S/N and NS/N comparison. Noise, however, did not result in a 
significant effect on mean performance under S or NS conditions. 

Loss of sleep was also found to result їй, a greater deterioration from the first 
to the second half of the test, but this occurred only under quiet conditions (U — 4, 
p = 0:004). Under noisy conditions there was no significant difference in deteriora- 
tion scores (U = 23, p = ox9r) Figure 2 illustrates this result. In this figure 
each point on the S plot has been subtracted from the equivalent point on the NS 
plot for the same noise condition. Thus whilst noise was, if anything, producing 
poorer mean performance in the NS/N group as compared with the NS/O group, 
it did appear somewhat to decelerate the decline during the NS/N run. 


T EXPERIMENT П 


In view of the suggestion in the previous experiment that noise might have 
been decelerating the decline in performance after loss of sleep, a further experiment 
was conducted on a task previously shown to be affected by noise (Broadbent, 1953). 


Task › ) 


r 

Leonard's serial reaction task was used (Leonard, 1959). This consists of a display 
of five bulbs arranged pentagonally on a panel slightly inclined from the vertical. Five 
discs in corresponding positions to the bulbs are inset on a horizontal board. The bulbs 
light up in an unpredictable sequence and the 'subject has to tap the disc corresponding 
to the light which is on at that time. This response, whether correct or incorrect, results 
in the cancellation of the light and the lighting of another bulb, whose disc has to be 
tapped, and soon. Three measures of performance can be obtained. These are "corrects," 
the number of discs tapped correctly over a given period, ‘‘errors,’’ the number tapped 
incorrectly, and “‘gaps’’ the number of times the subject has delayed his response more 
than one and a half seconds after his previous response. 


Procedure 


Twelve naval ratings were tested under each of four conditions according to a latin 
square design. The conditions were: (1) after normal sleep and under quiet conditions 
(5/0); (2) after normal sleep when approximately 90 dB. white noise was fed continuously 
to the subject through earphones (S/N) ; (3) after loss of one night's sleep in quiet (NS/Q); 
and (4) after one night's loss of sleep in noise (NS/N). When performing in the Q con- 
ditions the subjects still wore the earphones in order to keep this factor constant. The 
task was prolonged for зо min. All subjects had shown a satisfactory audiometric record. 


RESULTS OF EXPERIMENT II 
Mean scores 1 


Gaps: (i) A greater number of gaps were scored after loss of sleep under both 
N and О conditions. The Wilcoxon test gave the following values: Т = О, p «00b 
for О condition and T = r, p <o-or for N. 

(ii) There was a suggestion in the NS conditions that gaps were somewhat 
reduced by noise. \ 

Corrects: (i) Loss of sleep had a similar effect оп this measure to that on gaps 
(T = О, p <o-or in both О and N conditions). f 

(ii) Noise also had a similar effect on corrects to that on gaps tending, if anything, 
to increase corrects after loss of sleep. 

Errors showed no effect of either loss of sleep or noise. 


Deterioration scores 


The following computations were carried out on a score derived from subtracting 
the first from the second half scores. y 
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Gaps: (i) Loss of sleep showed significant effects in both Q and N conditions. 
The sign test gave р values of 0'006 and 0:038 respectively 

(ii) Whilst there was no greater deterioration in noise than in quiet in the S 
condition (nine subjects in fact showing greater deterioration in noise), the NS condi- 
tion showed significantly less deterioration in noise. Two of the 12 only showed 
greater delerioration which gives a p = 0:038. This clearly indicates that noise, 
in the loss of sleep condition decelerated the decline in performance evident in 
performance after loss of sleep in quiet conditions (Fig. 3). 


: FIGURE 3 . 9 


Mean gaps 


First Second 
half half. 
Halves of the test 


Corrects showed similar but insignificant confirmation of the gap results; errors 
showed no differences at all. ^ 


Second half scores 


Gap scores attained during the second half of the test failed to show a significant 


difference in the NS/N, NS/Q comparison, but correct taps were significantly fewer in 
NS/Q than NS/N (T = 14, $ <0:05). This again indicates that noise administered 


after loss of sleep lessened the decline in performance towards the end of the test. 


DISCUSSION 


The effect of noise in these experiments was clearly to reduce the decline during 
*the test which is normally associated with lossof sleep. This result isin accordance 
with a simple arousal theory, which would maintain that noise is arousing and loss 
of sleep de-arousing, so that their combination results in levels of arousal between 
these extremes. ү 
Both noise and loss of sleep tend to have their greatest effects towards the end 
of tests (Broadbent, 1958; Tyler, 1947), and, quite reasonably, it was towards the 
end in these experiments that noise became beneficial to sleep deprived performance. 
This naturally suggests that the decline in performance in noise 15 associated with 
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hyper-arousal and therefore that arousal increases during the test under noisy con- 
ditions. However, there is evidence to suggest tliat the output of the ear declines 
when continuously stimulated (Hood, 1950), indicating that the intensity of sound 
reaching the more central areas of the nervous system declines in time. If this is 
the case noise ought to be more arousing at the beginning rather than at the end 
ofarun. Indeed, a perfectly reasonable argument would be put forward identifying 
continuous loud noise with gradually lowered arousal. Noise might prove arousing 
at first, but by cutting out other stimulation, result in a progressive de-arousal as 
time progresses. This argument would necessitate the identification of loss of sleep 
and hyper-arousal. As Broadbent (r962) has pointed out, the fact that a negative 
interaction between noise and loss of sleep has been demonstrated suggests that 
whichever of the two is the arouser the other must be the de-arouser, and he con- 
cludes on the basis of other evidence that noise probably arouses. A consideration 
of the effects of increased incentive (Wilkinson, 1961) leads us to the same conclusion. 
Incentive can hardly be other than an arouser and since it has very similar effects 
to that of noise in the present experiments, the interpretation of noise as an arouser 
is clearly favoured. We are forced to suggest therefore, that noise of this kind did 
not lose its arousing effects and might even have become more potent in this way 
as time progressed. 

Broadbent's results on the serial reaction task reported effects of noise on errors 
which were, in the present study, unaffected. . This discrepancy is probably due 
to the fact that 9o dB. noise was used through headphones rather than roo dB. noise 
projected into the open field. More recent research using the latter method has, 
in fact, confirmed Broadbent's results. 


The author wishes to thank Mr. D. E. Broadbent for his advice, the R.N.P.R.C. 
for supplying subjects and assistants, and the assistants themselves, in particular C.P.O. 
Collecot, for carrying out the close supervision and much of the testing. 
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THE EEG, EYE-MOVEMENTS AND DREAMS OF THE 
. BLIND 
BY 
R. J. BERGER, P. OLLEY and I. OSWALD 
From the Department of Psychological Medicine, University of Edinburgh 


a 


It was found that characteristic frontal EEG waves significantly often precede the 
rapid eye movements of dreaming. The rapid eye movements were absent during dream 
periods of three men with life-long blindness, and of two men, 30 and 40 years blind 
respectively, but were present during dream periods in three men blind only 3, 10 and 
15 years respectively. "id 


INTRODUCTION 


In recent years, numerous American and French workers have described the 
invariable cyclical appearance, during continuous nocturnal sleep, of light sleep 
patterns in the electroencephalogram (EEG), actompanied by frequent and charac- 
teristic clusters of rapid conjugate eye movements (REMs) and dreaming (e.g. Dement 
and K]eitman, 19574 and b). The REMs have been claimed to represent scanning 
movements with respect to the dream vísual imagery (Dement and Kleitman, 19570). 
The “REM periods" with accompanying EEG picture vary in duration (20 min. is 
common) and four to six occur per night, together with characteristic muscle tonus 
changes (Berger, 1961). 

Schwartz and Fischgold (1960) and Jouvet, Michel and Mounier (1960) described 
brief appearances of 2 to 3 c.[sec. frontal EEG activity, having a characteristic 
"saw-toothed" wave form associated with the REMS. 

We decided to investigate the hypothesis of the American workers that the 
REMs represent what may be called “Jooking-at-dream-picture”’ movements. First, 
by a closer examination of the time relations between the "saw-toothed" frontal 
EEG activity and the onset of individual REM clusters; secondly, by studies of the 
EEG and eye movements during nocturnal sleep in the blind. 

Jastrow (quoted by Ramsay, 1953) studied the dream reports of persons who had 
become blind at varying periods after birth. Those who became blind later than 
early childhood maintained visual imagery but there was a progressive decline of 
reports of visual imagery as the individual became older. A few individuals only 
were said still to report some visual imagery after 40 years of blindness. 


METHOD AND RESULTS 


The EEG “‘saw-toothed” waves 

In the course of other studies of all-night sleep we observed that among 36 normal 
persons, on whom suitably located electrodes had been used, were 23 who showed 
the 3 c.[sec. frontal *saw-toothed'" waves very prominently. It seemed clear to us 
that generally these brief bursts of EEG waves preceded individual REM clusters. 
In order to confirm this hypothesis, we recalled the first of our subjects from whom 
we had recorded the saw-toothed waves, and recorded one further entire night's 


sleep. The EEG. was recorded using a left antero-posterior chain of silver cup 


electrodes, and eye movements by means of the most anterior EEG electrode and 


two other electrodes fixed just below the outer canthus of each eye. The diagonal 
and asymmetrical electrode placement had the advantage of economy, and allowed 
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both horizontal and vertical REMs to be recorded on the same channels. Figure 1 
illustrates. 

Subsequently, with the eye movement channels and then the EEG channels of 
the record alternately obscured, two of us (I.O. and R. J.B. respectively) independently 
marked the record where it was judged that each “saw-toothed”’ burst and each REM 
cluster began and ended. Figure 2 indicates that our hypothesis was confirmed; 


è 


FIGURE 1 


An example of "'saw-toothed" frontal activity preceding the appearance of a brief REM 
cluster by 3 sec. 


LPF—F = left pre-frontal— frontal. 
LF—Par. = left fronto— parietal. 
LPar—O  — left parieto—occipital. 


the onset of "saw-toothed" frontal EEG waves is significantly (x? = 2294, п = 2, 
Ф <o-oor) related to the five seconds preceding a REM cluster. This result was 
obtained by comparing the observed frequencies with those which would be expected 


to occur by chance, the latter being proportional to the total duration of each 
condition. 


Blind subjects 


An antero-posterior chain of silver cup electrodes was used to record the EEG. 
A pair of electrodes was fixed at each outer canthus, to give four different electrode 
combinations, to enable us to recognize the occasional electrode artefact (these 
sometimes look like REM potentials. Eight blind male adults were studied, each 
having two entire nights of recording. c 

Three men had had life-long blindness; two, aged 25 and 30, on account of severe 
corneal scarring (probably resulting from neonatal gonorrhoea) and one aged 17, 
on account of bilateral optic atrophy since the age of 18 months or earlier. These 
men had no conception of visual imagery. A 60-year-old man had been blind 
for 30 years owing to corneal scarring, and a 52-year-old man for 40 years owing 
to traumatic retinal detachment and cataracts. The latter two men both stated 
that they had lost the ability to picture things and claimed that no visual imagery 
was present in their dreams. Each was first shown to produce clear electro-oculo- 
graphic potentials when the eyeballs were moved voluntarily. None of these SIX 
men „had REMs in their cyclically recurring light»sleep periods, during which, to 
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judge by their subsequent reports, they nevertheless dreamed of non-visual fantasy 
experiences. 

Three men aged 23, 33 and 40, totally blind for 10, 3 and 15 years respectively 
claimed still to experience visual imagery. Each had REMs in their cyclically 
recurring light sléep periods differing in no way from those of normal sighted people, 
and each When wakened during REM periods recalled visual dreams. As an illus- 


FIGURE 2 А 
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5 sec. intervals Eyes moving Eyes quiescent ® 


receding 
eye movement 


Frequencies of occurrence per minute of the ‘‘saw-toothed” activity during 5-sec. intervals 
preceding REM clusters, during REM clusters, and when the eyes are quiescent during 


the cyclically recurring light sleep periods. 


A: 28 instances of onset of saw-toothed activity in a total of 4 min. (namely, 
5-sec. periods preceding a total of 48 REM clusters). 
: 20 instances of onset of saw-toothed activity during the course of the 
48 REM clusters of total duration 20 min. 
: 21 instances of onset of saw-toothed activity during a total of 72 min. 
kz while the eyes were quiescent during REM periods. 


tratjon, the man who had been blind for r5 years (who had particularly active REMs) 
described how he dreamed he was in the swimming bath, how he did the "crawl 
rapidly to the other end where he could see his friend's wife ("her white skin and 
black costume, it was all very vivid") and splashed water teasingly over her. Of 
the eight blind men, only this last man had ‘‘saw-toothed” waves. 2 
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DISCUSSION 

Wolpert (1960) implies a theory of peripheral control of dreaming in the state- 
ment: "Thus REMs appear to be specific to the manifest dream content, thereby 
confirming the suggestion put forward by Ladd as early as 1892 that during dreaming 
the eyeballs move gently in their sockets, taking various positions induced by the 
retinal phantasms as they control the dream." 

A peripheral theory of this nature does not commend itself to us and we find 
it difficult to reconcile our observations concerning the “‘saw-toothed’’ EEG waves 
with a looking-at-the-dream-pictures hypothesis. It could perhaps be argued that 
dreaming occurs in a series of short flashes: the frontal activity being a physiological 
concomitant of the commencement of each dream flash, the fantasied contents of 
which provoke scanning eye-movements. Dement and Wolpert (1958), however, 
argue strongly that dreaming is continuous. Possibly one could argue that the 
frontal EEG ''saw-toothed" waves are indicative of a sudden change of neuro- 
physiological status quo, which itself results in more "activity" in the dream events, 
so calling forth more scanning eye-movements. 

A number of other theoretical objections to the looking-at-dream-pictures hypo- 
thesis have been made elsewhere (Oswald, 1962), but the presence of REMs in those 
blind subjects who still possessed visual imagery, and their absence in those who 
had either never had, or had lost visual imagery, must be considered to support 
the hypothesis. However, it would seem to us most economical to suppose that 
both the burst of EEG waves and the subsequent REM cluster are indicative ofa 
sudden change of neurophysiological conditions, without reference to awareness of, 
or response to dream contents, for it is known that an artificially induced change of 
electro-physiological activity of the frontal cortex in the conscious human can be 
followed by conjugate eye-movements (Rasmussen and Penfield, 1948). It could 
be supposed that, owing to non-use, nervous pathways involved in the execution 
of conjugete eye-movements are poorly developed in those with life-long blindness, or, 
once established, suffer through disuse during prolonged blindness. 


We should like particularly to acknowledge the encouragement and facilities given 
us by Professor J. Drever and Professor G. M. Carstairs. 
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Plans and the Structure of Behaviqur. By George A. Miller, Eugene Galanter and Karl 
Н. Pribram. New York. Henry Holt. тобо. Pp. x + 226. $5. 


A year spent in discussion at the Centre for Advanced Study in the Behavioural 
Sciences at"Stanford formed the basis of the arguments presented here. The book 
contains a review, at a very general level, of certain similarities between behaviour and 
the abilities of modern computers and of the implications'of these for the explanation 
of behaviour. 

The argument is, throughout, pitched at a very general level indeed." A distinction 
is made between Images and Plans, the former term being drawn from the work of an 
economist, К. E. Boulding. The Image is defined as ''all the accumulated, organized 
knowledge that the organism has about itself and the world." Plans are “апу hierarchical 
process in the organism that can control the order in which a sequence of eperations is 
to be performed." As the authors point out, the Image corresponds roughly with what- 
ever mechanism is concerned, in cognitive theories of behaviour, with the storage of 
information about the environment; and Plans are closely analogous to programmes 
designed to direct the deliberations of computers. It is clear that the authors have little 
faith in the future of S-R theories in psychology, although the reasons for this scepticism 
are, at best, only briefly mentioned. A preference ds expressed for the more “cognitive” 
kinds of theory, again rather as a premise for the subsequent argument. It is pointed 
out, however, that cognitive theories tend to contain an executive defect. The cognitive 
anifhal may be wise, erudite and highly motivated, but it is also prone to be the most 
ineffective of creatures. It knows what it wants and even perhaps what it should do to 
get it, but it suffers from an inability to translate its intentions into action. There is 
no doubt that this difficulty is to be found, in one form or another, in most cognitive 
theories and that it constitutes an important defect which has often passed without 
remark. The problem is stated in the book with unusual clarity and the analysis therefore 
gets off to a good start. Asa step towards the development of a theory which does not 
suffer from this disadvantage, it is proposed that the nervous system consists in, part 
of a hierarchy of “TOTE” units. The function of each of these is to compare an input 
with some standard, perform a prescribed operation to reduce a discrepanoy, and, should 
this be successful, pass on the transformed input to a further TOTE unit. Thus, a series 
of relatively simple feed-back processes perform a series of transformations on a particular 
input. The selection of a particular sequence of these is the "plan," or programme, 
and is the means by which information, both perceptual and memorized, is transformed 
into appropriate behaviour. Level in the hierachy of these units corresponds to degree 
of abstraction of the tests and operations concerned. The larger part of the book is 
devoted to the development of these ideas in connection with goal-directed and "inten- 
tional" behaviour, values, instinctive behaviour, the acquisition of skills, memory, certain 
pathological and hypnotic phenomena, personality, language, concept formation and the 
use of logical skills such as those required in chess. There is a final chapter concerned 
with speculative physiological embodiments for these mechanisms. - А 

It is very difficult to know what to make of all this. The argument is always stimulat- 
ing and it often seems that old problems are being re-phrased in an important and 
interesting way. This impression is strengthened by the knowledge that some of the 
plans discussed have actually been constructed in detail and made to work in computers 
—e.g. in the case of chess. It is easy to mistake programme for achievement in this kind 
of work and, although the authors in several places specifically warn the reader that 
programmes of the degree of complexity required are yet to be written, it remains necessary 
constantly to bear in mind that, for the most part, the background logical spadework 
has not even been attempted, let alone completed. In the sense in which the words are 
used, it is a logical truth that behaviour is controlled by plans; this logical truth becomes 
of psychological interest, as opposed to being of interest to psychologists, when these 
plans are worked out. This, of course, the book does not claim to do in any detail. In 
these circumstances it is necessary to scrutinize the application of the ideas rather closely. 
To what extent is this something more than yet another technical re-description of 
behaviour ? ә 4 

The empirical context of the argument may be assessed on two grounds: (a) on that 
of predictive power, and (b) by contrast with other theoretical works. It is not altogether 
easy to be certain, in either of thesé ways, that a significant contribution has been made. 
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The authors are themselves aware that it might be objected that their account t vacuo 
because no particular predictions follow from it. They include this objection with 


particular plans according to which a given subject was operating rt 
suggested that the system described in the book is open to experimental test, but 
that, given this logical framework, the parameters might be ascertained by empirical 
study. A similar conclusion may be drawn from brief references to such the as those of 
Hebb and Hull. Objection is made to these not because of a failure of correspondence: 
witb the facts; it is argued instead that modern knowledge of the working of complex 
machines shows that such psychological theories are couched in the wrong terms, am 
mechanistically too simple, to provide an adequate account of the centra! processes 0 
the nervous i » is may be so. But if the present account and these alternative 
theoretical formulations are not to be distinguished on empirical grounds, at least it mu) 
be made clear in what n Mer differ as logical frameworks. This is often not obvio 
from the text. The question of far the reflex analysis and that outlined in the bool 
are logically inter-translatable is scarcely raised. In this connection, it is perhaps а 
little surprising that the discussion of cognitive theories is more or less restricted to that 
of Tolman and that more detailed attempts of the same kind, such as Deutsch’s work, 
not discussed. For many, though by no means all, of the difficulties with which 
book is concerned might appear already to have been overcome by this more reent 
formulation, and, moreover, at a more concrete and predictive level than that at which 
are examined here. 


Е 
: 
d 
3 
i 
g 
в 
з 
3 
m 


4 expected d 
ес е kt the subject; yet critical reading will tend to reduce the apparent dept 


a 
ity of many of the arguments. А. J. WATSON. 


е Ву D. E. Broadbent. London. Eyre & Spottiswoode. 1961. Рр. 216 
IS. 


Behaviourism and psychoanalysis are near contemporaries, or at least they becam 
widely known at about the same time, yet, whereas the concepts and methods of ps) 
analysis form part of the accepted background knowledge of any well-informed p 
behaviourism, particularly in its modern and more sophisticated forms, is little und 0 
and widely disregarded. There are various reasons for this state of affairs; Watson $ 
original formulation of behaviourism was painfully naive; behaviourist findings have 
until fairly recently, been more reliable but much less dramatic than those of the руса 
analysts; not the least important reason is that, while psychoanalysis has been Wee. 
served by propagandists and popularizers, the experimental study of behaviour has Паб 
little such attention. One result of this is that all too often, even in academic circies, 
psychologists are assumed to be the same as psychiatrists. Mr. Broadbent's book cows 
do much to change this state of affairs. His book is not a general introduction to expe? 
mental psychology as a whole, rather it is a study of one particular approach to pSyc" 
logical problems—the behaviourist one; of its origins and justification and of its develo 
ment and findings. For students of the subject the book may seem straightfo wa 
but Mr. Broadbent's treatment is always thoughtful and may often be illuminating 
to the professional. For the interested layman, at whom the book is aimed, it will 
be easy reading ; Mr. Broadbent does not avoid difficulties or cut corners where it W 
be misleading to do so, yet there is no other book which could give such a reader à 5 
picture of the aims and achievements of this sort of psychology. А 

In опе sense the title of the book is misleading since by no means all aspects of behavioti 
receive attention; instinctive behaviour for instance gets little mention; this, however, # 
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a direct consequence of Mr. Broadbent's main aim which is to concentrate on the Law 
of Kflect. In the introductory chapter we are shown how behaviourium arose from а 
dissatisfaction with the methods of cliaségal introspectionist peycbobogy: the phibomophical 
and practical reasons for the rejéction*of introspection and the adoption of bebavioar- 
im are very well outlined, giving a pretty complete answer to those who wonder 
why prychojogists, who should be stud the mind of man spend so much time worrying 
about the Behaviour of animals. Throughout most of the rest of the book the 

is heavily on the Law of Effect; we follow it frog Thoradike’y original formulation, through 
Hull's systematizing, to the introduction of internal ("mental") 2 —-— and tbe more 
tentative and sophisticated formulations now in favour. Mr. Tire marshalls with 
expertise the mass of evidence needed to develop this theme and brings fis facts to bear 
with precision. A good deal of ground is covered, from Lashley's Lt fm tenn te 
Skinner's operant conditioning, but the great merit of thè book is that by concentrat 

on one theme it confines the field to be dealt with, and is thus able to treat the cen! 
theme with greater thoroughness and precision than is normally рок ёл a book of 
this sort. Thus relatively abstruse subjects are discussed such as the evidence for Mowrer's 
two-factor theory of avoidance learning or the development of Hull and Spence's incentive 
factor. On the whole, these matters are clearly explained though once or twice the 
arguments become rather tough going; | wonder how many people with no previous 
knowledge could follow the on the fractional anticipatory goal response and 
Deutsch's critique of Hull's use of it? Ы е 


thowe>;t in general; by the setting up, testing or rejection of hypotheses, 
Thi. spect of the book is emphasized by a'chapter in which Hull's and Skinner's theoretical 
approaches are contrasted and by the final chapter in which various Каса трое 


f hological theory which the whole, very helpful, On the 
application of of psyc! t wi are, on whole, ] " 

other hand, he often shows how experimental results from animals might be extended 
to apply to human beings and even, as in the case of punishment learning, motivate 


sort of thing that psychologists are ild generalis 
behaviour E the basis of animal experiments. This would be a pity, 
book deserves to be widely read. M. S. Haturpay. 


Sensory Deprivation. Edited by Philip Solomon, M.D. and others. Preface by Stanley 
шыл; M.D. MM Universtiy Press. London: Oxford University Press. 
1961. Рр. ху + 262. 46s. net. 


The Manipulation of Human Behavior. Edited Albert D. Biderman and Herbert 
Erase Fe and New York. John у & Sons Ltd. 1961. Рр. xii + 


i ction fret paper, by Dr. Woodburn Heron. This is стн) by foer 
further eus MEO re Loc Modi and four er a m There 
i on sensory deprivation in aviation. implications are 
MN Per section. Among the better known contributors are Dr. Milton 
Greenblatt, Dr. D. B. Lindsley, Dr. Austin Riesen, Dr. Jerome Bruner and Dr. L. S. Kubie. 

When the Montreal studies of sensory deprivation first a red, it seemed to many 

that we had to do with a fairly consistent effect of redu environmental stimulation 

ate gem processes. Individual differences were of course marked 

but were not then regarded as of primary importance. Now, ten years later, it is plain 
ve 
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that the effects—both during and post-isolation—are a good deal less consistent than 
had been supposed. For instance, some authors report a high incidence and others a low 
incidence of significant perceptual changes. It also seems clear that the social and 
emotional aspects of the isolation experience are of much greater importance than was 
at first realized—which no doubt accounts for the interest taken by some psychiatrists, 
Obviously, then, what is called “reduction of environmental stimulation'' involves changes 
atanumber of levels and it is most difficult to say what can, and what cannot, be attributed 
to deprivation per se. 

'The present book provides a useful review of experimental work on deprivation and 
includes much material not previously published. On the theoretical side, however, it is 
a little disappointing. The three authors who contribute to the final section do little 
more than assimilate the broad findings to their pre-existing schemes of psychological 
explanation. Lindsley, for instance, suggests that deprivation may well alter the'input- 
output level in the C.N.S., most likely via the reticular formation. Bruner sees it as a 
process which ‘‘disrupts the vital evaluation process by which one constantly monitors... 
the strategies one has learned to employ in dealing with the environment."  Kubie, who 
has long striven to integrate psychoanalysis with neurology, thinks that deprivation may 
alter the distribution of afferent input as between conscious, preconscious and unconscious 
systems. At the present stage of things, it would seem, we can have as many theories of 
deprivation as we have disciplines. 

The second book is stated to be the outcome of a project undertaken by the Bureau 
of Social Research, Inc. The preparation, we are told, ''. .. was supported in part by the 
United States Air Force under Contract 18(600)—1797 monitored by the Rome Air Develop- 
ment Center of the Air Research and Development Command under Contract AF49(638)- 
187 monitored by the Air Force Office of Scientific Research ofthe Air Research and Develop- 
ment Command." This, clearly, is the modern world and as might be anticipated the 
topic is in reality brain washing (here called interrogation). There is some quite well 
presented material on altered physiological states, drugs and hypnosis in relation to the 
extraction of information. The final chapter bears the splendid title: ''Countermanipula- 
tion through Malingering.” O, L. ZANGWILL. 


Statistical Reasoning im Psychology. An Introduction and Guide. By R. S. Rodger. 
University Tutorial Press. 1961. Рр. vii + 204. 155. 


Is meaSurement possible in psychology? Do psychological experiments produce the 
kinds of data which may legitimately be treated by statistical methods? If so, what are 
the assumptions underlying the techniques used? What is the meaning of “statistical 
significance" and when should “one-tailed” and "'two-tailed" tests of significance be 
made? Attempts to answer these and similar questions form a large and growing body 
of literature which may be found in various books and journals, but in few cases are 
clear-cut, universally agreed answers given. The time needed to read and assess the 
arguments presented from different points of view would consume an undue proportion 
of that available to the student and might well leave him with the impression that statistics 
should not be employed in biological work, From the practical point of view this would 
be unfruitful and unprofitable since biological statistics are here and here to stay- It 
does, therefore, behove the student and any one else using statistical methods to try to 
understand what he is doing when he applies statistical tests and why he is doing it. 

"This little book may safely be recommended to any one who is contemplating the 
analysis of experimental data by statistical means, It might also be salutary reading 
for many who are already deeply dyed with statistical manipulation! 

E. G, CHAMBERS. 


Rabbit Brain Research, Volume т: Atlas for Stereotaxic Brain Research on the Conscious, 
Rabbit. By M. Monnier and H. Gangloff. Amsterdam. Elsevier. 1961. 
vii + 76. £3 35. 

This book contains a stereotaxic atlas of the rabbit brain for use with an electrode 
system devised by the authors. For this particular purpose the atlas appears to be quite 
adequate; for more general use, however, the atlas will prove much less adequate since 
the plates illustrate sections of the brain cut at 3-mm. intervals. This тау not prove to? 
much of a drawback, since more detailed atlases are readily available in the journals. 
Perhaps the justification for publishing this book lies in the opportunity it affords the 
authors of describing their techniques for studying the brain of the unanaesthetize 
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rabbit. Good as this account is, it suffers from certain defects. There are occasions when 
unnecessarily lengthy descriptions àre given of simple procedures (e.g. instructions for 
reading co-ordinates of the caudate nucleus), and too little detail of more complex pro- 
cedures (e.g. the method of making and idsulating electrodes). Nor, in the latter example, 
is the inadequacy of the description remedied by a footnote informing the reader that 
electrodes may be obtained from the Department of one of the authors. 

The atld$ occupies 21 pages of the book and the section on techniques, 36 pages. The 
latter does not contain as much information as one might suppose, since the entire text 
is written in English, French and German. This will make the book a valuable acquisition 
to someone who is learning one or other of these languages, but it also increases its cost 
and adds nothing to its technical value. The production of this book is ip to the usual 
excellent standards of the publishers. GABRIEL Horn. 
Experimental Psychology. Ву B. С. Andreas. London and New York. Wiley. 1960. 

Pp. xi + 595. 565. «~ 

This text is specifically addressed to students and teachers of experimental psychology 
and is well worthy of their notice. The first part deals with general issues of method 
(design and conduct of experiments, measurement and statistics, psychological scaling) 
and the second with selected areas of investigation (chiefly visual and auditory perception, 
association and learning, problem solving). The book thus differs from most of its kind 
in'not trying to cover too much and in placing greater stress on method than is perhaps 
usual Further, Dr. Andreas makes an interesting attempt to relate basic instruction 
in psychology to training in research methods—including even a section on the writing 
of research reports! Although the book has many and obvious merits, imagination is 
unfortunately not one of them. Until the interest of the student is caught, it is doubtful 
whether he can be prevailed upon to take methodological issues very seriously. Perhaps, 
therefore, this book will prove of greater use to those who are beginning research than 
to undergraduates, many of whom will find it somewhat destructive of the idea (or illusion) 
that psychology is an interesting subject. Yet this book is a real text, hard and thorough, 
and mercifully free from the prevailing belief that undergraduates studying psychology 
are best taught by exposure to glossy photographs of rats with implanted electrodes or 
young ladies in white coats administering the Rorschach test. O. L. ZANGWILL. 


Learning Theory and the Therapy of Neurosis. By Ralph Metzner. British ‘Journal of 
Psychology Monograph supplement No. 32. London. Cambridge University 
Press, 1961. Рр. 29. 78. 6d. ч 
As the author of this monograph points out the interpretation of psychopathological 
Observations in terms of learning theory is not particularly novel. The use of adversive 
stimuli was daily practice when devils needed to be exorcised but even the modern rationale 
derived from animal experiments is more than 30 years old. t ; 
Nevertheless few psychotherapists use learning theory concepts in planning or des- 
cribing therapeutic programmes, while those who use conditioning methods emphasise 
the differences, rather than the similarities, between this type of treatment and more 
standard methods. Does Dr. Metzner’s monograph help to lessen the gap? The answer 
is surely yes. Metzner does not claim to be comprehensive, but his review is systematic 
and he does clarify many important issues. His introductory discussion of certain 
concepts central to learning theory is both compact and extremely lucid. Perhaps the 
most surprising omission in this section is the absence of any reference to imprinting, 
even if imprinting is regarded, not as a distinct type of learning, but as a special case 
which fits the general rules, it still merits a separate mention. Firstly in relation to 
learnt sexual behaviour; secondly in relation to psychoanalytically derived concepts of 


emotional development; and thirdly, and perhaps with greater relevance in relation to 
one treatment recovery. д A ә Ў 
Perhaps the main defect of this very useful monograph is a function of its virtues. 
Thus the very excellence of some sections perforce bestows an unwarranted authority 
on the rest. Dr. Metzner is a strong advocate of Wolpe’s techniques of treatment. 
It does not appear, however, that this advocacy is based on a critical independent assess- 
ment of the evidence, but rather that it stems from a direct acceptance of Wolpe’s own 
statements about his results and those of others. This tendency to accept, uncritically, 
clinical findings which fit conveniently with theory, appears more than once. Thus on 
page 23 the belief of several therapists that insight per se is not therapeutic appears a 
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paragraph later as a fully proven observation. Even if Wolpe's therapeutic results are 
better than conventional methods this is more likely a function of Wolpe than his theories, 
Certainly the null hypothesis that insight is never therapeutically effective can by its 
nature never be proven. Indeed most therapists would maintain that insight is often 
therapeutically valuable. 

Though some of the faults of this monograph may be thought important, they are 
clearly over-shadowed by its virtues—the lost virtues of English learning theorists— 
brevity, lucidity, and accuracy. 

As a vade-mecum to the relationship between treatment and learning theory this is 
almost certainly the best buy. 


* CORRESPONDENCE 


John Brebner and Ian Gordon write :— 

We wish*io express our regret to Dr. Mowbray! for any misrepresentation of his 
position which arose from our interpretation of the phrase ''signal rate” as in “Further- 
more, rate of signal appearance is a common variable in vigilance research that also 
appears in the reaction time study.” to refer to time and not to the signal to non-signal 
ratio which Mowbray has now pointed out was intended. In this context, "ratio" 
seems a less ambiguous term than "rate" and we propose to use "ratio" in future. 

With respect to Mowbray’s comment on the possible role of the distribution of inter- 
signal intervals in our experiment, we agree that these distributions were probably “J” 
shaped and nearly rectangular with two and eight alternatives respectively. But, with 
equiprobable items and a constant rate of presentation, randomness, number of items 
and the form of the distribution of intersignàl intervals are interdependent and any 
alteration of the latter produces a sequence of items which is no longer random. The 
distributions of intersignal intervals in our experiment derive from random selection 
and to have structured the sequence of items so as to hold the form of the distribution 
of intersignal intervals constant between our three conditions would have imposed some 
constraint upon this randomness. 

For our part, we consider it likely that several variables may affect selective response 
times, these include :— 

(i) Signal probability. 
(iij Intersignal interval. 
(iii) Number of non-signal categories. 
(iv) Discriminability of signals and non-signals. 


To these, in the light of Mowbray's unpublished work should, perhaps, be added variations 
of distribution away from those arising naturally from randomness. As yet, however, 
experimentation has served to elicit these relevant variables rather than to study their 
independent effects, and their relative importance is not entirely clear from published 
data. But, in support of Mowbray's contention that the major determinant is the ratio 
of signals to non-signals, we have results from three experiments involving manual and 
vocal selective responses which indicate that where signal probability differs but mean 
intersignal interval and the number of non-signal categories are held constant, significant 
differences in selective response times obtain. Our results show some slowing of selective 
response times when the number of non-signal categories is increased although, on the 
whole, this effect does not reach a significant level. 


In summary then, there seems to be no dispute between Mowbray and ourselves with 


ALICK ÉLITHORN. 


regard to our respective experimental observations. Moreover, the full extent of our 


agreement with his statement that, “If responses occur relatively often with respect to 

no responses, then expectancies will be high, latencies low, and vice-versa.,’’ may be seen 

from a previous statement by one of the authors, jointly with Dr. Szafran, in relation, 

to ageing, that increasing the frequency of signals to be responded to. “May serve «+ * 

to nate (the) selective responsiveness of (the) central mechanisms to a high information 

signal." 7 
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. Experiments are described on reversal of leagned responses in the octopus. It is 
shown that normal animals are able to reverse learned responses to vertical and horizontal 
rectangles shown successively but that animals lacking vertical lobes are unable to 
reverse such a discrimination. These, and related, results are discussed imrelation to the 
hypothesis that learning consists in appropriate conditioning of cells in the optic lobes 
that respond to particular visual features but that the vertical lobe plays an important 
part in making the memory effective, perhaps by generalising the conditioning to optic 
lobe cells other than those directly stimulated in the process of learning. 


INTRODUCTION 


Study of the capacity of an animal to learn to reverse its response to a given 
figure or pair of figures provides a valuable means of investigation of the learning * « 
mechanism by which representations are set up in its memory. Each représentation 
may be defined as consisting of a set of nervous connections that ensures a parti- 
cular response to a given situation (see Young, 19600). After a representation has 
been established ensuring attack at a certain visible figure by an octopus we.can 
give the animal shocks if attacks are made and thus ultimately establish a representa- 
ion ensuring the opposite response. Does this new representation involve a distinct 
set of connections, or is it a modification of the old? Should we think of two sets 
in competition with each other? ko Ce 

After removal of the vertical lobe the setting up and use of representations in 
he memory is impaired (Boycott and Young, 1957). In particular it has been 
clear since the earliest experiments on the subject that animals without vertical 
lobes cannot readily set up and maintain representations that reverse any that 
have been previously established (Boycott and Young, 1958). Extinction as a result 
ОЁ non-reinforcement still occurs (Young, 1959) but the animals cannot learn to 
respond negatively to a previously "positive" stimulus or vice versa. ; 3 
. The present experiments with operated animals were designed to enable com- 
parison between the performance by animals learning discriminations for the first 
time with similar groups learning after reversal. ? 

& 
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3 
* METHOD 
Octopuses were kept in opaque tanks with good water circulation as already described 
(Young, 1958). They were trained by showing opaque plastic figures moving pp and. й 
down at about 3 times a sec. on a transparent plastic rod. Food was given a: small 
(1 to 2 gm.) pieces of fish, placed near to the figure on à wire. Shocks were 1r wv.,A/C 
е . * 
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administered by a pair of electrodes introduced when necessary and touched against 
the body or arms. Each figure was shown for 15 sec. If after that time no attack had 
been made at the “positive” figure the octopus was fed. 

The figures used were horizontal and vertical rectangles (10 x 2 cm.) and black 
and white circles (5 cm. diameter). The members of the pairs have not the same stimulating 
value for an octopus (Young, 1958; Muntz and Sutherland, 1959). When moved up and 
down the vertical rectangle is the more likely to be attacked. The white circle is more 
likely to be attacked than the black. Reversal of learned responses is therefore more 
difficult if the animals are first trained to attack the vertical or the white figure than 
vice versa. 

The animals were trained in groups, usually of 5 or ro, the experimenter passing 
round from tank to tank. The interval between trials with each animal was five minutes. 

The two figures were shown in strict alternation and shocks were given for attacks 
at one, fo0d for attacks at the other. Each day there were two sessions of ten trials each 
(five with егез figure). The sessions were given in the morning and evening, with about 
six hours between. Operations and assessment of amount of vertical lobe removed were 
as indicated by Boycott and Young (1957). 

^ Wherever possible groups of animals that were to be compared were trained on the 
same days, so that their conditions were similar. This was not possible for all the 
comparisons, but conditions did not vary greatly. Temperatures were between 21 and 
25°С and the water citculation was" abundant. з 


Тһе following groups of animals were used:— 
. Normal animals 
Group 1 * 
"^ |. Five animals. Trained first to attack a vertical rectangle but not a horizontal 


one (7 days, 7o paired trials) and then after an interval of 3 days the reverse 
(8o paired trails). 


Group 2 


Ten animals. Trained to attack a horizontal rectangle but not a vertical one for 
80 paired trails. This serves as a control for Group 1. 


Animals without vertical lobes « 
Growp 3 
Five animals trained exactly as Group r and at the same time as that group. 
Group 4 


Eight animals trained to attack a horizontal but not a vertical rectangle for 
9 days (9o paired trials). From the roth day the horizontal rectangle alone 
was then shown and shocks given when it was attacked (120 trials). 

Group 5 , 
Eleven animals trained to attack a black circle but not a white one for 6 days 
(60 paired trials) and then from the 7th day the reverse (60 paired trials). 


А RESULTS 
Group x. Reversal by normal animals. Vertical rectangle originally positive 


Five normal animals proved able to make the relatively difficult change from 
vertical to horizontal as the positive figure (Table I, Figure r). The learning in the 
new direction was slower than the original learning, but this would be expected 
from the fact that there is a greater tendency to attack the vertical figure. ^ 

ES direct comparison can be made with Group 2, ro animals trained with the 
horizontal as positive figure without previous training in the opposite direction. 
"Throughout the training the control series were usually more accurate. The difference 
was not significant, however, there were 22 per cent. errors in 60 paired trials by 
the reversed animals, compared with r8 per cent. by those learning for the first 
time. The level of errors reached after 60 trials by the animals learning the reversed 
discrimination was about тт per cent. as against 5 per cent. without reversal and 
the accuracy showed some wide fluctuations by the individual reversed animals. 
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Ж | 
; Attacks ү Time to Attack + 
Group Conditions No. —| Brrors —— | ——-— 
š E per e TJ Mean S.D. 
x y cent. жо sec. Sec, 
I Normal V 4- 5 |244| 46 17 ? 84 
2 Normal Н -+ 10 | 516 | 135 18 79 58 | ġo 
1 (Reversal Normal H + 5 228 62 | 22. .* 79 8 р "2" 
á ` 7 7 4 
after V+ | | 
" Ў | < 
" 3 No vert. V+ 5 68 24- | E 
4 No vert. H+ 8 313 | 267 45 аа 7-8. “|. 7399 
, 3 (Reversal) | No vert. H+ 5 157 |#173 53. 48 IIl 3'9 
‹ after V+ | ‹ >м 
Ae No vert. B+, II 292 | 160 | 40 65 
T Г. ү — . | 
5 (Reversal) | No vert. W+ ІІ 125 | 176 54 41 | 
after B+ 
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| Performance during бо pairs of trials by the variou 
- different conditions. The mean times in the last two columns 
trials of training. (If an animal failed to attack within 15 sec. t 
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FIGURE 2 
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The times taken between showing the positive figure and completion of the 
attack also oscillated considerably for each animal and were often longer, not only 
than those during the initial learning by the same animals, but also than those for 
the control series. The mean times over trials 41-60 were 7:8 sec. for Group I (with 
reversal) and 5:8 for Group 2, but the difference is not significant. The mean 
standard deviations of the attack times, however, were 4'2 for the reversal group 
and 3:0 for Group 2, a difference that is significant between 0*05 and 0-01 level. 

Even after 80 reversed training trials the attack at the new positive figure was 
often markedly cautious. When the negative figure (vertical rectangle) was shown 
the octopuses usually approached it. They sometimes stretched out an arm towards 
it but bften waved the arm in some other direction, Such as towards the surfáce, 
or the jet of water running into the tank. (W ould ethologists call this a displacement 
activity?) The representation by which the vertical rectangle elicite?? a positive 
response, therefore, still persisted, but was in conflict with a new one preventing 
attack. The outcome was a movement in some other direction. 

When the pattern of responses for each of the ten trials of the nine sessions is 
analysed, animals learning for the first time show learning within each session, even 
in the later sessions of the series (Figure 2b). 'Animals learning the reversed dis- 
crimination show a less consistent pattern, performing little better at the ends of the 
sessions than at their beginning (Figure 2c). All the five animals learning the 
reversal showed the same general pattern. 


Reversal after vertical lobe removal 

Group 3. Vertical rectangle as original positive 

A set of five octopuses from which the vertical lobes had been removed three 
days previously at first showed clear signs of learning when trained to attack the 
vertical but not the horizontal rectangle (Figure 1), but gave no further improve- 
ment after the first ten trials. They were trained on the same days as the normal 
animals of Group r learning the same discrimination. The operated animals were 
less accurate in discrimination except slightly over the first ten trials. Even after 
70 trials they were making 30 per cent. errors, compared with less than To per cent. 
by the normal animals. The times taken to attack were also greater in the operated 
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animals (Table I). The apparently low variance of these times in the operated 
animals is an artefact due to their slowness. Since on many occasions no attack 
was made within 15 sec. the values cluster, around this figure. A study in which 
they were left for longer than 15 sec. would’probably show greater variance in the 
operated animals. 

Thus representations ensuring correct response could be set up by these 
operated animals. Moreover these were well retained when the animals were left 
for two days without training. Tested without reward they then performed approxi- 
mately at the, same level as the normal animals (15 to 20 per cent. errors, Figure 3), 

However, they proved quite unable to reverse this response. When the rewards 
weve changed they at first continued to attack the vertical but not the horizontal 
figure. Then after twenty trials they began to attack both figures frequently. 
Gradually the attacks became less and less numerous until only about 3/ro attacks 
were made at either rectangle. The proportion of errors became a little less than 
50 per cent. (Figure 3). 

We can compare these animals with the control series of eight octopuses without 
vertical lobes trained to attack a horizontal but not a vertical rectangle without 
previous training in the reverse direction (Group 4). Both groups at the start of 
training on this discrimination showed "*perverse" behaviour, because of the greater 
tendency to attack the vertical figure (Figure 4). This was soon corrected to the 
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level of random errors by both groups. Those that had not previously learned the 


reverse discrimination (Group 4) then proceeded to further improvement until 
about 20 per cent. errors were made. The animals that had been reversed continued 
to make almost 50 per cent. errors. The times taken to attack the positive figure 
were longer in the reversed animals (11-r sec. mean for trials 41 to 60) than in those 
learning for the first time (7:8 sec.) the difference being significant at the 0:02 level. 
The animals without vertical lobes that were learning this distinction without 
reversal were able to learn to quite a high criterion within each session (Figure 2e) 
and showed slight steady improvement in retention between sessions. Neither of 
these was possible for the operated animals learning after reversal (Figure 2d). 
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Even after 100 trials they were no better at the ends of the sessions than the 
beginnings. Any explanation of the functions of the optic and vertical lobes must 
therefore assume for the present a complete inability of the optic lobes alone to 
reverse a visual discrimination’ It vill be interesting to confirm this for other e 
figures. 

There уеге considerable individual differences among the operated animals 
during reversed learning. One animal did not show the decline in attacks that was 
seen in the others towards the end of the experiment. This decline must be considered 
to be a slow learning to associate both figures with shock, without the,differentiation 


that all had proved able to make to some extent during the initial learning before 


reversal. 


Group 4. Reversal with horizontal rectangle as original positive figurgc 

An alternative method of undertaking a reversal is to train animals to attack 
one figure and not another and then to reverse the rewards for one only of these, 
omitting trials with the other. This should be an easier task than reversal to both, 
nevertheless it proved difficult for animals without vertical lobes to learn in this 
way not to attack the previously positive figuré. The eight ‘animals used had been 
operated 20 days previously. All had some parts of the vertical lobes remaining, 
the mean amount removed being 78 per cent. They were first taught to attack a 
horizontal and not a vertical rectangle, and a moderate level of accuracy was 
achieved (Figure 5). Tests given after intervals of three and six days showed good 
retention. After twenty further paired training trials the attempt was then made 
to reverse the reaction to the horizontal rectangle by showing it for numerous trials 
and giving shocks when it was attacked. No trials were given with the vertical 
rectangle at first, the animals being fed at the end of each day in their homes. 
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* The effect of the shocks was to reduce the tendency to attack to about one in 
three occasions after 40 trials (Figure 5). However, since the trials were given at 
5 min, intervals, in groups of fives, the overall picture gives a false impression. At 
the beginning of each session many animals would attack and the time of ae’ 
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FIGURE 6 


Mean times to attack at each trial by the animals of Group 4 while learning no 
the horizontal rectangle, a previously positive figure, and, later, to attack t 
rectangle, (previously negative). Open circles horizontal, filled circles vertical 
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was short. (Figure 6). Then as the session progressed attacks would become slower 


and one after the other of the animals would fail to attack at all within the I5 sec. 


for which the figure was shown. This fall-in attacks throughout each session is 


brought out by grouping several successive sessions together (Figure 7). 


Besides 


the learning not to attack within each session there was obviously a slow development 


of representations that prevented attacking even at the beginning of eac 


1 session. 


The mean percentage of attacks over trials 101—135 was 47 per cent. and for trials 


180-210 21 per cent. 
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Group 4. Proportion of attacks made at horizontal rectangle at each trial of the session, 
averaged over successive groups of sessions (as in Figure 2). There were progressively 
fewer attacks both within sessions and between successive groups of sessions. 


At the 126th-r3oth trials the vertical rectangle (originally negative) was shown 
and food given when it was attacked. The animals all came out readily to this 


figure and the times to attack were short (Figure 6). Fifteen hours later they were 
tested with the horizontal rectangle again. Few came out, with long delays. There’ 
is thus evidence of a specific representation preventing attack at the horizontal. 
This was also seen in a series of five unrewarded tests in alternation with the two 


4 
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rectangles (trials 136-140). Then at the I41st-145th trials the rectangles were 
shown alternately, shocks being given for attacks at the horizontal and food for 
those at the vertical. Attacks were made on almost every occasion at which either 
figure was shown (Figure 5). The representation preventing attack was not strong 
enough to overcome the stimulus to attack that is provided by the food. Next, no 
rewards were given for attacks at the vertical and the attacks at the horizontal 
decreased, but began again when food was again given with the vertical (151-155): 
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After an interval of 2 days many further groups of trials with the horizontal 
rectangle then followed, at which shocks were given for attacks. There was a further 
slow but not very steady decrease in attacks (Figure 5). Each.animal was liable to 
come out from time to time to attack. There was still evidence of learning within 
each session (Figure 7), but there were also fewer and slower attacks than previously 
at the first'trial of each session (Figure 6). 

Tests without reward with the vertical and the horizontal rectangle then again 
showed fewer and slower attacks at the horizontal (trials 211-215), but when food 
was given as reward for attacks at the vertical, the attacks at the hofizontal, shown 
at intervening trials, again became more frequent (trials 216-220, Figure 5 and б). 
In spite of all the shocks no representation strong enoügh to prevent attacks at the 
previously positive horizontal figure under these conditions had been set up. 

=< 


q Group 5. Reversal of response to black and white circles after vertical lobe removal 


The eleven octopuses of this group were trained 31 days after removal of the e 
vertical lobes (mean of 88 per cent. removal) to attack a black circle but not a white 
* one. The figures were shown successively. The direction, of training was then 
reversed (Figure 8). During the initial training the attacks at the white circle 
declined to about r5 per cent. while those at the black circle were made at only 
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slightly over half the occasions (Table I and Figure 9). This failure to attack was 
not due to ill-health or injury to underlying parts of the brain. Before the training 
began the animals were all persistent attackers of crabs. The poor performance 
with this easy discrimination between black and white is another example of the 
difficulty of setting up representations in the absence of the vertical lobes. The 
phenomenon of learning within each session was present (Figure ro). Throughout 
each of earlier sessions attacks at both figures declined, those at the negative figure 
slightly more than at the positive. In later sessions behaviour was more consistent 
throughout, with fewer attacks at the negative. 
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Group 5. Proportion of attacks made at each figure at each trial of the session averaged 

over successive groups of sessions as in Figures 2 and 7. Before reversal there was 

progressive improvement both within sessions and between successive groups of sessions. 
After reversal there was little change. - 


When the rewards for ће symbols were reversed the extent of the initial learning 
became clear. The procedure during reversed training was to give food on every 
occasion of showing the white circle and shocks for attacks at the black one. If 
the octopus did not attack the white circle within 1 5 sec., a piece of fish was intro- 
duced on a wire, and the circle and the fish together were pushed towards the 
home. All the animals readily came forward to receive the food. Nevertheless 
attacks remained more frequent at the black circle for thirty trials (Figure 9). 
Attacks at both circles decreased. For the second thirty trials the two figures Were 
attacked equally frequently, but on only about 20 per cent. of trials, against nearly 
50 per cent. at the beginning of the reversal. 

There were only very slight signs of learning within the separate sessions (Figure? 
10). At the first pair of trials of each session the black figure was always the more 
often attacked, but towards the end of the session there were more attacks at tho 
white. Thus representations securing some limited extent of correct response can 
be set up, but they rapidly fade, leaving in the ascendant the representations that 
had been set up during the initial learning. It is of great interest that these initial 
representations remained so strongly marked in spite of the fact that they were 
contrary to the direction of preference and had been set up after vertical lobe 
removal. They remained evident even after training had been against them for 
60 paired trials, extending over six days. 
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There were marked individnal differences. The worst performers were two 
animals that had been among the better learners of the original discrimination. 
As might be expected their especially large number of errors was due to their 
persistence in attacking the black circle, which is reasonable if they had acquired 
stronger representations to do this initially. Indeed all those animals that had 
shown some signs of initial learning made more than 50 per cent. errors during 
reversal. Those giving approximately random responses before continued to do so 
afterwards and thus now appeared as the "better" performers. 

The only representation set up during the reversed training “was thus one 
tending to prevent attack at either figure. At the end of the experiment it, was 
necessary to show that this failure to attack was not due to some deficiency that 
had developed during the long period of feeding with fishes. Five trials were there- 
fore given at which the reward with the white circle was a live crab, the crab being 
given near the circle at the end of 15 sec. if there had been no attack. During this 
set of five trials with the white and five with the black circle there was only one 
attack while the crab and the circle were viewed together at a distance (1/55). Yet 
the octopuses all came out to attack when the crab alone was moved near to them. 

On the next day the animals were again tested with the crabs and circles together 
and not a single animal attacked. Nevertheless when shown crabs alone all except 
one attacked, some in as little as 3 зер. This readiness to attack confirms that the 
progressive failure to attack the circles was dependent on a representation pre- 
venting attacks that had been set up in the memory as a result of the shocks. This 
result thus agrees closely with that shown by the attempt to reverse the responses 
to rectangles (p. 198). 


DISCUSSION 

Reversal by normal animals 

In normal octopuses it is readily possible to set up representations in the 
memory ensuring responses opposite to those originally formed. If the original 
representations were well established, however, clear signs of them could still be 
seen even after 80 pairs of reversed training trials, This suggests that the representa- 
tions associating a given figure with food or shock are not readily destroyed. The 
reversed response is probably produced by new sets of neural conhections rather 
than by attaching the opposite rewards to the old representations of the figures. 
These results are thus in agreement with the hypothesis that during learning іп ап 
octopus the responses produced by particular detector cells (e.g. for vertical and 
horizontal stimulation) become limited and are not thereafter readily changed 


(Young, 19604). 


Reversal after vertical lobe removal 


The difficulties involved in setting up reversed representations are greatly 
exaggerated after vertical lobe removal. When rewards are reversed improvement 


drom the initial behaviour occurs up to the 50 per cent. level of errors, but not 


beyond this. The animals tend even more than normals to cease attacking either 
figure. This behaviour appeared clearly in two distinct sets of animals with different 
discriminations (horizontal and vertical rectangles and black and white circles). 
* The processes involved in reversal by animals without vertical lobes appear in 
the results of reversing responses to a “positive” figure only. When shocks are 
given for attacks at a figure that has previously been rewarded with food the 


animals gradually come to attack it less often. If they are then stimulated to attack 
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by feeding, however, they again begin to come out to attack. The representations 
associating the figure with food were thus still present and assume dominance when 
the general tendency to attack was raised. 3 

There is thus clear evidence from these experiments that it is very difficult 
to set up reversed representations of visual situations after vertical lobe removal. 
Yet it is not easy to specify clearly the nature of the activities by which these lobes 
assist in memory formation. The failure to establish adequate representations 
suggests that they participate in the process of setting up these representations in 
the memory. This they might do either by providing extra units that can be 
conditioned to produce appropriate responses, or by re-excitation of the optic lobes 
to provide access to further cells there that are not influenced by the direct presenta- 
tion from the retina, and thus to generalise the conditioning throughout these lobes 
(Young, 19604 and b). 

On the other hand the fact that approximately correct reversed responses to a 
new negative figure may be obtained provided no food is present (p. 200) suggests 
that the vertical lobes are involved in ensuring the proper effectiveness of representa- 
tions in the control of behaviour, by some type of damping or restraining of the 
effects of “unconditional” stimuli. It may be a condition of all learning systems 
that immediate responses should be inhibited in this way, allowing the learned repre- 
sentations to have their effect. The failures of animals without vertical lobes are 
then due to a lack of inhibition of unlearned responses. 

This conception is attractive and may perhaps be extended to cover all the 
known effects of vertical lobe removal, for instance the variability of behaviour 
and of time of response (see also Maldonado, 1963). Perhaps most difficult of all to 
understand is the progressive failure to attack by operated animals when "attempt- 
ing” to learn a reversed discrimination. 

It is clear that representations can be set up outside the vertical lobes and yet 
equally clear that these lobes play a fundamental part in the operation of the 
memory system as an effective agent for the control of behaviour. 


SUMMARY 


Normal octopuses are able to reverse learned responses to vertical and horizontal 
rectangles shown successively. Learning in the new directions is somewhat slower than 
the original learning. Even after long reversed training responses to the new positive 
figure were somewhat slow and cautious. The old representations thus remain in the 
memory but are partly obscured by new ones working in the opposite directions. 

After removal of the vertical lobes discrimination of vertical and horizontal rectangles 
was learned to a lower standard of accuracy than in normal animals. Responses remained 
slow and variable even after long training. x 

Five octopuses without vertical lobes proved unable to reverse a discrimination 


е vertical and horizontal rectangles. They gradually ceased to attack either 
gure. 


Eleven octopuses without vertical lobes showed similar incapacity to reverse their, 


responses to black and white circles. 
Eight octopuses without vertical lobes after training to attack a horizontal but not 


a vertical rectangle were given repeated shocks for attacks at the horizontal. They» 


gradually learned not to attack, at first learning only within each session of trials, but 
later with greater reliability. As soon as food was given, however, they again came out 
to attack the horizontal rectangle. The representation tending to produce such attacks 
was thus still present. } 
These results are discussed in relation to the hypothesis that learning consists of 
appropriate conditioning of cells in the optic lobes that respond to particular visual 
features (black or white, vertical or horizontal), The vertical lobe certainly plays am 
important part in making the memory effective. Some results suggest that it does this 
by generalising the conditioning to optic lobe cells cther than those stimulated at the 
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moment of training. Other results suggest that the lobes have a damping influence, 
preventing the swamping of the effect of representations in the memory by innate 
tendencies such as are produced by feeging. 
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REPEATED REVERSAL OF TRAINING IN OCTOPUS 


BY 


J. 2. YOUNG 
From the Department of Anatomy, University College, London 


Octopuses were trained by successive presentations to discriminate between two 
figures by means of a combination of food rewards and electric shocks. This was followed 
by a series of up to nine daily sets of trials in which reward and punishment 
were systematically reversed on alternate days. It was found that performance became 
progressively less accurate with successive reversals until it reached a random level; 
this appeared largely due to a continual fall in the total number of attacks at the figures. 
At the same fime, such attacks as were made were mainly at the positive figures and 
there was evidence that performance as judged by this criterion became more accurate 
during each day and perhaps progressively more accurate on successive days. Octopuses 
lacking the vertical lobe showed a fall in the total number of attacks but did not show 
this improvement within each day or over successive days. A theoretical interpretation 
of the results is put forward. 


INTRODUCTION 


When octopuses have been made to reverse a learned visual discrimination 
they long continue to show signs of persistence of the original. responses (Young, 
1962). This suggests that reversal is not so much a matter of attaching reversed 
rewards to existing representations of the figures as of building completely new 
assemblies in the nervous system to represent the new situation. What will then 
be the effect of subsequent further reversals? Will it be possible to build a number 
of such representations and will they produce cumulatively more accurate effects 
or conversely interfere with each other? 

When faced with repeated reversal of rewards many mammals show a pro- 
gressive improvement in performance (Harlow, 1949; Cronholm, Warren and Hara, 
1960; and others). This improvement has not in general been found in other animal 
groups (see Discussion). 

In the present investigation the direction of training was repeatedly reversed 
for discrimination between pairs of figures presented successively. Food and shock 
were reversed each day. The effects of repeated reversal after training of octopuses 
to a criterion have been studied by Mackintosh (1962) (see p. 220). 

The vertical lobes were removed from one group of animals before the series 
of reversed training was begun. The difference between the performance of these 
animals and normals has provided some insight into the mechanism involved in 
reversal learning. 


METHOD 

The octopuses (O. vulgaris) were kept singly in opaque-sided asbestos tanks 100 * 
40 X 30 cm. with plentiful sea-water circulation. Normal animals were studied several 
days after they had been brought from the sea. During these preliminary days they were 
fed with sardines at the end of the tank distant from the home. The animals ranged in 
weight from 250—500 gm. Training was with opaque plastic figures, moved up and down 
at the end of the tank distant from the home (Young 1962). The food reward was pieces 
of fish (1-2 gm.) placed near to the figure on a wire. Food was given at every trial with 
the positive figures (unless stated otherwise); if the octopus had not attacked after the 
figure had been presented for 15 sec. the food was introduced and moved with the figure 
towards the octopus until it was taken, Shocks (11 v. in some experimerits, 6 v. in others) 
were given only if the animal attacked the negative figure. 

Trials with the figures were given in regular alternation of positive and negative at 
five-minute intervals, there being two sessions each of*ten trials (five positive and five 
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negative) each day. The positive figure for the day was shown at the first trial of each 
session. One session was given each morning and the other in the evening, with about 
six hours interval between. а 

At each trial the time taken‘ between insertion of the figure and seizure of it was 
noted with a stop-watch. A record was kept of the occasions at which the animal left 
its home apd made an "approach" to the figure without attacking it. 
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Operations on the vertical lobe and assessment of the amount of tissue removed 
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were as described by Boycott and Young (1957). 
Four groups of animals were used:— 


Group 1 


'Ten normals trained with black and white circles, diameter 5 cm. Food and shock 


rewards reversed each day for nine days. 
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Group т. Proportion of errors to trials made by individual normal octopuses during 
initial learning, and eight reversals with black and white circles. 
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Group 2 

Eight normals trained with horizontal and vertical rectangles, ro x 2 cm. Food 
and shock rewards reversed each day for six days. 
Group 3 iy Ж 

Eight normals trained with squares 5 x 5 cm. shown with base parallel to the 
floor ("square") or set on edge ("diamond"). Food and shock rewards reversed after 
each two days, total of four reversals. 
Group 4 > 
Nine animals without vertical lobes trained with black and white circles alòngside 
Group r and reversed in the same way as that group. Д 
The figures used in these pairs ате not equally effective in stimulating an octopus to 
attack., White is more likely to release an attack than black and vertical than horizontal 
(when both are moved vertically). The “diamond” may be more stimulating than the 
"square" (Sutherland, 1960), but the difference is small. 


a 
RESULTS 

Normal Animals 

Group x. Black and white circles 


Initial training 
These ten animals mostly learned within the first day to attack the black but 


not the white circle (Figure 1). There were altogether 39 per cent. errors in the 
first session and 29 per cent. at the second (Table I). 
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оза _—————————————їЄї 


| 
| | Errors per cent. 


Attacks (ШИ а 
=. .100 | тоо - 100 
| x y х+У x+y x+y 
et = B+ | W+ | B+ W+ 
| 
durs 2 3 4 5 NR Se y 8 
Ro | 30 x9" | 61 79 39 
| 320 т 75 in 29 35 
R 18 2 40 59 
| 35 | 19 65 a 34 ald 
R 18 20 47 | 52 
г 29 20 60 54 | 41 47 i 
К, 14 | 19 42 55 7 
i ae) 17 53 48 48 5 
HIPS 12 52 22 49 Lo 
| 24 go 52 | 3 48 
Е, | 1:3 | X4 48 V 6 51 a 
ae) 19 50 5° 
Rg | 5 46 mU 5 8 
i | 19 12 бт | 54 43 4 
Во о 16 50 8 50 га 
өе 19 13 59 ge 
Rg 13 13 50 55 5° [46 
I5 6 71 4 
à | 
iti i i f training 
G . Ten octopuses. Initial learning (Ro) and eight reversals o 1 
with black n HM Scie Total of fifty trials with each fipure at each session. 
Columns r and 2 show actual numbers of attacks at positive (х) and negative (y). Column 
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First reversal 


The effectiveness of the representations set up during the 20 trials of the first 
day is shown by the fact that on the next day during the first two trials with the 
symbols reversed the animals made roo per cent. errors, the white circle was never 
attacked, the black was attacked by all ten animals. However there was rapid 
improvement in response to both figures, even during the first few reversed trials 
(Figure 1). This continued during the second session of the day, during which there 
were only 34 per cent, errors. There was a greater tendency after reversal to attack 
the negative, now the black circle. Thisis especially remarkable since this is the 
colour that is intrinsically less likely to provoke an attack. 

The final level reached at the end of the second day was 5/20 errors at the last 
trials with the black and white circles, the same as at the end of the first day. 
Clearly reversal can take place readily after this small amount of initial training. 


There was little agreement between the individual performances in the two | 


sets (Figure 2). The correlation coefficient between the errors made in the second 
ten trials of the two sets was only 0:33. 


Second and furiher veversals 

Reverting on day 3 to the original discrimination with the black circle as 
positive figure the animals at first did not attack it. That is they showed the effect 
of representations carried over from the previous day (Figure 1). However their 
performance was less "perverse" than it had been after the first reversal. They 
learned to some extent to react correctly during the day, but in the second session 
of trials they made appreciably more errors than on the first two days (Figure 3). 
During the last two trials of the day there were 9 errors in 20 trials. 
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Groups т and 4. Mean errors аё each session of ten trials (five positive, five negative). 
by ten normal octopuses (open circles) and nine without vertical lobes (filled circles). 


Initial learning (day 1) and eight reversals (days 2-9). Black and white circles. 


With the third reversal there was still less indication during the early trials of 
the effect of the previous day's training and very little improvement during the 
day. From here onwards with successive reversals the animals made about 50 pet 
cent. of errors at both the first and second sets of trials of each day (Table I and 
Figure 3). From the 6th day (sth reversal) food was given to every animal at the 
first positive trial of the session but thereafter only if there was an attack at the 
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positive figure. There were still slight signs of learning during each day. Thus the 
positive figure was regularly attacked slightly more often at the second session 
each day than at the first (Figure 4) The responses to the negative figure were 
irregular. Attacks became less and less frequent whichever figure was shown. 
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Groups r and 4. Percentage of attacks at positive and negative colours for each set of 
five trials by normal and no vertical octopuses. Initial learning (day r) and eight 
reversals (days 2-3). 


In order to follow the course of learning during each day, we can plot the errors 
made at the first, second trials, etc. for all the nine days together (Figure 5a). This 
shows a marked learning during each session, with an increase of errors between 
morning and afternoon sessions. However the learning during each day occurred 
mainly in the earlier days of the series, as appears if we plot separately the responses 
ior the initial learning (5b), for the first three reversals (5c) and the rest (Figure 5d). 

The clearest change throughout the series was the increasing tendency not to 
attack (Table I). Attacks became more and more cautious and many approaches 
were recorded. The times taken to attack the positive figure became in general 
increasingly longer, although they declined slightly during each day (Figure 6). 

In order to allow for the declining tendency to attack, the results have also 
been calculated to show for each session the proportion of attacks at the positive 
figure to all attacks (Table I and Figure 7). This suggests that there is actually an 
improvement in performance towards the end of the series. At the end of each day 
fhe few attacks that were made were nearly all at the positive figure. This tendency 
of course was becoming more prominent as attacks became fewer. It suggests that 


some learning was occurring each day but only became able to show itself against a 


declining tendency to attack (p. 221). ; 
Considering individual animals, wide differences were seen (Figure 2). The most 


efficient animal was number 6 with only 66/180 errors. This is a remarkable record, 
de after each of the earlier 


especially considering the large number of "mistakes" ma | 
reversals, This animal showed marked reversal four times and then a decreasing 
number of attacks at either figure. Other animals showed clear signs of reversal on 
only the first one or two occasions or not at all (numbers 4 and 20). For several of 
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Groups 1 and 4. Percentage of errors with positive and negative figures at each successive 


trial throughout the day, added together for days 1-9 in a and e, day 1 alone in b and f 


(initial learning), days 2-4 in c and g, and days 5-9 in d and h. 


the animals there was a more or less consistent performance, in the sense of numerous 
or few errors throughout the series, but in others this fluctuated considerably. 
Correlations between error scores at successive reversals were all positive, except 
one, and four of these correlation coefficients were significant at the 5 per cent. 
level, suggesting that there are consistent differences in learning capacity. 


Group 2. Repeated reversal with horizontal and vertical rectangles 


. Four octopuses were first trained with the vertical rectangle positive and four 
with the horizontal positive. Food was given at each positive trial and бу. shock 
for each attack at the negative figure. The direction of training was reversed each 
morning. 

Six reversals were given (Table II). The performances after the odd-numbered 
reversals were all much worse than after the even-numbered ones, showing the 
persistence of the effect of the original training. Indeed after the later odd-numbered 


reversals the discriminations were not learned at all, the scores for these days being 
at less than the 50 per cent. level. 
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The effect of the preference for the vertical rectangle was marked (Figure 8). 
The group that was trained first with the vertical positive performed better than 
the other group after the even-numbered reyersals, worse after the odd-numbered. 
The tendency was however the same in both. 
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Group 2. Results of initial training with horizontal and vertical rectangle (Ro) and 


six reversals (R, ,), calculated as in Table І. Columns т and 3 show the attacks at the 
positive figure, above and total attacks, below, for four animals with horizontal initially 
positive and four with vertical positive. Columns 2 and 4 give the percentage of attack?» 
a 


at the positive figure to all attacks 100 for each of the two groups of animals 
x 


D 
separately and Column 5 for all eight animals combined. Columns 6-ro show for Group 3 
similar data with eight animals for discrimination between "square" and “diamond. 


In both groups there were fewer attacks during the days of the odd-numbered 
reversals. There was also a decline in the proportion of attacks to trials througliout 
the experiment. This was more marked in the group where the vertical rectangle 
was the original positive figure, perhaps because of the large number of shocks 
received during the days when the vertical figure was negative. 
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Group 2. Proportion of attacks at positive.figure as percentage ofall attacks (5 < 100 }. 
A, when horizontal rectangle was initially positive; B, vertical initially positive. Filled 
circles, individual sessions, open circles complete days (two sessions). 

As the level of attack on both positive and negative figures fell the animals in 
which the vertical rectangle was the positive figure in initial training began to show 
the phenomenon of increasing accuracy of response as judged by the proportion of 
attacks at the positive figure (Figure 8). This was not so marked as in the later 
stages of the reversals of black and white, but those reversals continued for a longer 
period of time. The phenomenon did not appear when the horizontal was the initially 
positive figure. 

Group 3. Repeated reversal with “square” and diamond 

A similar experiment to the last was performed using 5 cm. white squares 
shown either with the base parallel to the bottom of the tank ("square") or on edge 
("diamond"). This discrimination is rather difficult for an octopus (Boycott and 
Young, 1957). Reversals were therefore given after every two days (40 trials). 
Food was given for each positive trial and the shocks were 6v. 

Only three reversals were completed but they show interesting confirmation 
of the previous experiments. The frequency of attack at either figure declined and 
at the same time the proportion of attacks to trials with the positive figure increased 
towards the end of each period of training in one direction (Table II and Figure 9)- 

This increase was marked only in the animals in which the diamond was the initially 
positive figure, otherwise the two groups showed the same performance, discriminating 
immediately after reversal in the previously learned direction and then showing 
improvement at later sessions, though with some irregularities. 


Group 4. Animals without vertical lobes 
» Initial learning 
These nine animals had been operated 18 days previously. In all except one 
less than то per cent. of vertical lobe tissue remained. The mean amount removed 
was 93 per cent. (p. 208) with no serious damage to any underlying structures. 
(7 
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Group 4. Nine octopuses without vertical lobes. Initial learning (R,) and eight 
reversals. Columns exactly as Table I. Totalof 45 trials with each figure at each session. — ' 
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The animals were trained with black and white circles, exactly as Group r, 
that is with food for each trial with the positive figure and тту. shock for the negative. 
They proved to be able to produce within the first two sessions some signs of per- 
formance that indicate representations ensuring this discrimination (Table III and i 
Figures 1 and 3). In the first session there were бт per cent. errors, and in the second 
41 per cent. errors. The distribution of errors was quite different from that in the 
normal animals (p. 209). At first the errors were mainly attacks at the negative 
(white) figure. Later there were fewer mistakes with this figure but some failure to 
attack the black. In the second session there were 31/45 attacks dt the positive, 
23/45 at the negative figure. However, improvement was progressive throughout 
the setond session so that at the last two trials of the' day these animals made only 
4/18 errors (the normals 5/20). 

Individual differences were large (Figure 10). Two animals made*ónly two mis- 
takes over the second ten trials (a level achieved by six of the normals), one made 
three, and two each made four, five and six errors. The only obvious correlation of 
these variations with the lesions was that number r5, with 25 per cent. of intact 
vertical lobe tissue, was one of the best performers, but the other animal that had 
made only two mistakes had only 7 per cent. of vertical lobe tissue remaining 
(number 3). 

ча 

First reversal Jj 

On reversal these animals began with nearly the maximum of errors, showing 
that effective representations had survived from the previous day (Figure 1). As 
the experiment proceeded they showed some increase in the number of attacks at 
the white circle, though during the afternoon this tendency gradually disappeared 
again. Throughout the day they only slightly reduced their tendency to attack the 
black circle. At the end of the day therefore, they were still showing "perverse" 
behaviour, attacking the positive figure less than the negative (Figure 1).* Over the 
last ten trials of this second day there were 62 per cent. of mistakes, 44 per cent. with 
the white (positive) and 80 per cent. with the black (negative) figure. At the last 
pair of trials of the day there were 12/18 errors. Clearly no effective representations 
ensuring reversal of the previously established tendencies had been set up. 

One animal made only three mistakes over this period, number* 1 (Figure IO), 
but this animal had been a poor learner in the initial period. Six animals made 
five to seven errors, one made nine and one ten! These latter two with highly 
perverse behaviour (numbers тт and 19) had both learnt well in the initial period. 


Second and further reversals 
Having failed to achieve the first reversal these animals also showed no signs 
of correct performance in the subsequent reversals. Analysis is complicated by the 


', fact that they showed a greater tendency to attack the white than the black circle. 


è 


Thus on days, 3 5, 7 and 9 they showed many errors during the first trials, but 
fewer on the alternate days. 

During the third day performance improved somewhat, but only to a 60 per 
cent. error level with both figures during the last pair of trials. During the second 
session of this day they made 57 per cent. errors as compared with 41 per cent. by 
the’ normals. х ) | 

With the subsequent reversals there was no sign of improvement during the 
days, whether judged by total errors (Figure 3), errors with each colour separately 
(Figure 4) or errors at the last trials of each day. 1 
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Group 4. Individual error scores of nine octopuses without vertical lobes during initial 
learning with a black circle positive and white negative (day 1) and eight reversals 
(days 2-0). k 


When all the reversals are plotted together therefore the pattern of performance 
is chaotic (Figure 5). The only general tendency was for there to be fewer mistakes 
with the negative figure and more with the positive towards the end of each day, 
in fact for the animals to come out less often to attack. Nevertheless the next 
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Group 4. Mean times recorded by nine animals without vertical lobes for attacks at the 
positive and negative colours. Conventions as for Figure 6. 
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morning they mostly attacked both colours and there was little consistent trend to 
do this less often towards the end of the experiment. There was however a distinct 
overall reduction in proportion of attacks (Figure 4). 

The times for the attacks were markedly shorter and the means for the whole 
group were more variable for the no vertical than for the normal animals (Figures 
6 and тт). The operated animals were less cautious and their attacks once begun 
were usually completed, so.that fewer "approaches" were recorded. There was 
however a general tendency for attacks to become slower, though with wide 
fluctuations. 

The individual animals all showed far greater total errors than the normals 
(Figure 10), and in all except опе of them the range was between 94-98/180 errors. 
The general feature of the individual animals was that of the group, namely irre- 
gularity of response. The animals produced no consistent strategy for dealing with 
these changing situations. \ 

In this group of operated animals the proportion of attacks at the positive 
figure to all attacks does not show a consistent pattern as it did for the normal 
animals (Figure 12). Although the no vertical animals attack progressively less, 
this does not lead to any improvement in the proportion of attacks at the positive 
figure. Such an improvement will only appear against the background of decreasing 
attacks if there are representations that, even though weak, ensure attacks at^the 
positive figure. In normal animals these are presumably set up during each day, 
but this is not possible without the vertical lobes. 


DISCUSSION 


In terms of total error scores there was certainly no dramatic improvement by 
octopuses in solving these problems on successive reversals. This agrees with the 
experiments of Datta, Milstein and Bitterman (1960) with the crab Gecarcinus 
using somewhat similar conditions in so far as reversal of training was repeated 
regularly every four days (40 trials) irrespective of any criterion. They found no 
consistent trend either of increase or decrease of errors. In many other experiments 
of this type the animals have been trained to a criterion before reversal. Thus 
Thompson (1957) found no increase in error scores by the isopod Armadillidium 
over eight successive reversals in a T maze. Indeed the data showed a slight improve- 
ment in performance, though of doubtful significance. 

Using reversal after reaching a criterion in Octopus, Mackintosh (1962) has also 
found that there is no improvement in learning speed as measured by the number 
of attacks required to learn to criterion over up to nine reversals of a discrimination 
between vertical and horizontal rectangles under conditions partly similar to those 
of the present experiment. There was some indication that performance became 
progressively worse. 

These data from invertebrates thus support the suggestion that the capacity” 
to form a "learning set" during repeated reversals is present only in mammals and 
perhaps birds (for chickens see Warren, Brookshire, Ball and Reynolds, 1960): 
In lower vertebrates there is probably no improvement in error scores after repeated 
reversals. Indeed Warren (1960) reports increasing error scores in the paradise fish 
Macropodus given serial reversal of discrimination habits when trained with com- 
bined spatial and brightness cues. Other experiments on fishes using various species 
and conditions have also failed to show progressive improvenfent (Adkins and 
Fields, 1957; Bitterman, Wodinsky and Candland, 1958). Seidman (1949) reported 
improving performance during repeated reversal in newts and terrapins, especially 
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the latter, but these experiments аге the only ones to report such improvement іп 
animals other than birds and mammals, except for one individual fish Tilapia 
(Bitterman, Wodinsky and Candland; 1958). 

There are however indications in the present data that even a relatively simple > 
nervous system such as that of the octopus may have the essential elements of a 
mechanism for providing a strategy that will meet the situation. Together with a 


decreasing tendency to attack, the animals in Groups 1, and 3 showed a considerable 
improvement in accuracy of discrimination when judged by proportion of attacks 
made at the positive figure to all attacks. By this criterion the performance some- 


times became strikingly good towards the ends of the days and improved as the 
experiment proceeded. е 
A result of this sort can well be imagined to occur if the representations produced 
by learning depend upon conditioning of cells to produce either attáck or retreat 
(Young, 1961). As a result of repeated reversal approximately equal numbers of 
cells representing say "black" are conditioned to produce "attack" and "retreat." 
For each colour there are thus two representations, one tending to promote attack 
and the other to prevent it. These being E RAE equal, they prevent the 
animal from making exploratory attacks. In the early part of each day therefore 
«ihe animal shows cautious approaches but few attacks. Then, since rewards are 
given for every showing of the positive figure, whether or not an attack occurs, the 
number of cells tending to produce “attack’’ becomes dominant and performance 
at the end of the day is better. 

It has previously been suggested that the supply of cells for conditioning may 
become exhausted (Young, 1961). It seems that most of the cells responsible for 
encoding "black" become conditioned during initial learning to give a positive 
response. Performance afterwards was always more accurate when black was the 
positive colour. However, there must be a mechanism remaining available to weight | 
the response slightly as each day proceeds. e 

The fact that the animals without vertical lobes showed no sign at all of regular 
performance agrees with this hypothesis if we assume that part of the function of 
these lobes is to prevent the immediate eflect of recent rewards and punishments 
from swamping the response tendencies produced by representations in the memory. 
'The operated animals, like the normals, showed progressively fewer attacks as the 
series proceeded but this did not allow them to become more accurate. Being less 
“cautious” than the normals they were stimulated to attack the negative as often 
as the positive figure so that no slight balance in favour of the “correct” representa- 
tion could show itself. d IU S 

This hypothesis suggests that the "learning to reverse" really consists in learning 
not to decide at all until some slight evidence is available as to the correct direction. 
In the present experiment the food given at each positive trial (except at the end 
of the experiment with Group 1) provided the evidence once the animals were 
sufficiently inhibited. It would be interesting to discover whether a similar procedure 
. would produce signs of “learning to reverse" in other species of animals that have 
© not so far shown them. Presumably the phenomenon appears in mammals (and 

perhaps birds and reptiles) because the single clue provided by either one correct or 
one incorrect response is able to weight the system, which is kept delicately balanced 
by the suitable restraints imposed by the higher nervous centres. 


ч SUMMARY 


Octopuses were trained by successive presentations to discriminate between two 
figures m giving food for attacks,at one of them and shocks for attacks at the other. 
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Ten trials with each figure were given during the day and the next day the rewards 
were reversed, food being given for attacks at the figure that previously elicited shocks 
and vice versa. On the third day the rewards were again reversed and so on up to nine 

, reversals. э 

As judged by the proportion of errors to trials, the performance became pro gressively 
less accurate with successive reversals until it reached a random level. This was, 
however, largely due to a continual fall in the total number of attacks. The few attacks 
that were made were mainly at the positive figure. Judged by this criterion the per- 
formance became more accurate during each day and perhaps progressively more 
accurate on successive days. 

Octopuses without vertical lobes did not show this increasing accuracy either within 
each day or over successive days. They did, however, show a fall in the total number of 
attacks. 4 

It is concluded that progressive improvement in capacity to perform reversed dis- 
criminations under these conditions depends upon the setting up of equal representations 
ensuring attack at a given figure and retreat from it. These representations balance 
and thus prevent attack until the clue of food ensures attack at the new positive figure. 
In animals without vertical lobes the balance is not preserved, both figures are attacked 
after feeding. 
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THE EFFECT OF AN AFTER-COMING RANDOM PATTERN 
ON THE PERCEPTION OF BRIEF VISUAL STIMULI 


> BY 
M. KINSBOURNE and ELIZABETH K. WARRINGTON 
From the National Hospital, Queen Square, London, W.C.x 


The perception of briefly exposed visual forms is shown to be masked by an after- 
coming random pattern stimulus of approximately equál intensity. This effect occurs 
only under certain well defined conditions; it is limited by the minimum stimulus 
exposure time in excess of threshold which overcomes masking (critical stimalus duration) 
as well as by the minimum interval between presentation of the two stimuli which 
permits evasion of the masking action (critical interval). Over the range of stimulus 
duration in which masking occurs, critical interval varied with stimulus duration in 
such a way that the interval multiplied by the stimulus duration equals a constant. 
Critical stimulus duration and critical interval at threshold are shown to vary little 
under a variety of conditions. The effect of the random pattern stimulus is limited to 
the part of the visual field to which it is presented. 

«t 
INTRODUCTION 

It has long been known that perception of a brief visual stimulus may be masked 
by application of a second stimulus following hard upon the first. An early demons- 
tration was reported by Baxt (1871), working in Helmholz's laboratory. He found 
that if brief exposures of single letters were followed within a short period of time 
by a flash of light, perception of the letters became impossible. The maximum length 
oi the interval after which this effect could still be obtained he called the perception 
time-defined as “that time, after which a subsequent more intense stimulus no 
longer obstructs perception." He argued that perception time is constant for each 
category of stimulus; thus it is “то millisec. for a letter." It represents the time 
needed for cerebral cortical processes to elaborate the percept; if they are disturbed 
during this period by the arrival of the second more intense stimulus, perception is 
thereby made impossible. Underlying this argument is the tacit assumption that 
the time interval separating the two stimuli as they impinge upon the retina 1s 
maintained when the corresponding excitations travel at the same speed between 
receptor and cortex. But this is not necessarily so. Bernhard (1940), by simultaneous 
recording of electroretinogram and electroencephalogram in man, showed that the 
more intense the stimulus, the sooner is electrical change detectable in both retina 
and cortex. The decreased latency with more intense stimulation is chiefly due to 
decrease in retinal delay, but to a lesser extent "post-retinal" processes are also 
accelerated (Monnier, 1952). Piéron (r925) regarded interference by the after- 
he shorter latency of the latter. 
He took the maximum interval between the two stimuli which still permitted the 
«occurrence of masking (i.e. Baxt's perception time), to bea direct measure of the 
diminished latency of the excitations set up by the more intense stimulus— "between 
a threshold excitation and a very intense excitation there is a difference of about 
150 millisec., which is a measure of the amount by which the latent period may be 
reduced." Even Baxt (1871) had reported without comment that perception time 
was in fact greatér the more intense he made the after-coming flash. These findings 
make it impossible to accept the time it takes to perceive a letter as being measured 
by the interval after which the letter can still be obscured by an after-coming more 
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intense non-informational stimulus (Baxt, 1871). Only if the effect can be elicited 
with successive stimuli of equal intensity can Baxt's view by entertained. 

The apparent fusion of successive light stimuli of equal intensity was studied 
as long ago as 1875 by Exner; but this situation, which is basic to the commonly 
used test of “flicker fusion," is of great complexity and is no guide to the persistence 
time of a visual stimulus (Piéron, 1934). It does not necessarily involve the suppression 
of the first stimulus by intervention of the second, but merely fusion of two to appear 
as one. In order to produce masking not due to latency factors it is preferable to 
establish a sitaation in which a stimulus of definite and familiar contour, such as a 
letter, is followed by a stimulus of 'non-informational'"' contour, both being exposed 
at approximately equal intensity. 

The experiments described below were designed to resolve the question whether 
masking by'an after-coming non-informational stimulus can occur in a situation 
uncomplicated by differences in latency; and if so, to define the limits, in terms of 
stimulus duration and interval between stimuli, of the occurrence of the phenomenon. 


METHOD 


A new Dodge type tachistoscope*was used in the experiments. The optical arrange- 
ments are shown in Figure т. 


FIGURE 1 xt 
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S-Screen 
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Optical arrangement of the tachistoscope. 


The background and exposure field are illuminated with special fluorescent tubes 
having a short decay time and at the same time providing a steady light output for tbe 
duration of the exposure of the figure. (This was insured by operating the tubes with 
direct current). In order to eliminate any "warm up' and to provide the necessary 
electron emission, the filaments at each end of the tube are heated by means of a 
separate low-voltage winding on a transformer. E 

The light output of each fluorescent tube is regulated by making the tube the anode 
load of a triode valve, and controlling both the intensity and duration of this output 
by the application of a suitable switching pulse to the grid of the valve. As three tubes 
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are used timed switching pulses are required and are provided by three identical cathode 
coupled monostable multivibrators. The initiation of number one multivibrator is by 
a push button, a timed pulse being produced for the first exposure whilst simultaneously 
the background illumination is first reduted, then restored. The second circuit, triggered 
from the first, gives an adjustable delay. The third multivibrator is then triggered from 
the delay cigcuit to the second exposure. At the same time the current in the background 
tube is in reduced to zero and at the end of the second exposure is restored to normal 
intensity 

The components used in the multivibrators circuit were calculated to give timed 
periods adjustable from 2 to 1600 millisec., and to ensure that results would be repeatable 
switched steps were chosen in preference to continuous control. It was arranged that 
ten switch points would give a ten fold increase in exposure period at the same time 
maintafning a common ratio. This ratio is approximately 1:25 and the resultant series 
is 2-0, 2*5, 3:2, 4*0, 5:0, 6-4, 8:0, 10-0, 12:5 and 16:0 millisec. Multiplying factors of 10 
and 100 were provided by switching the timing capacitor in decade steps, « 

The size of the background and exposure fields is 6 x 4 in., which subtends à 
horizontal angle of 14° at the retina (7° either side of the fixation point) The illumination 
of the background and exposure fields is 2:5 foot lamberts. 

The stimulus letters used were capitals, and included all those in the alphabet 
except I, J, O and Q. They were printed singly in black on white cards by the Letraset 
precess*; their height was 1-2 cm. and their widthevaried between 1-0 cm. and 2:0 cm. 
'The component strokes were 0:3 cm. thick. 


p^ FIGURE 2 
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Random Pattern. 


‘Figure 2 reproduces the non-informational stimulus which was used. This is a 


Section of the random pattern ("visual noise") described by Laner, Morris and Oldfield 


/1957)— its/sq.cm. А 
E ба Er "du acted as observers in these experiments. They were tested in 
the light d state. Е : 
: "the а fixated binocularly a faint central mark in the tachistoscopic field. He 
was warned immediately before each test exposure. Using the test letters in random 
order, the tachistoscopic threshold for their correct perception in central vision а 
established, as was the threshold for the random pattern. For purposes of this wor 
the £hreshold for the test letters was taken to be the shortest stimulus duration at which 
the subject correctly identified all of five consecutive test letters. Threshold for the 
random pattern wás the shortest exposure duration at which the subjects were aware 


of its presence. 
* Letraset Ltd., 7 Plough Place, London E.C.4. t 
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Sets of readings were then taken for stimulus durations from threshold upwards. 
At each stimulus duration, various exposure durations of the after-coming random pattern 
were tested as follows :— ^ 

Interval was increased stepwise until the random pattern, at the exposure durations 
under test, no longer effectively blocked the perception of the stimulus. A single trial 
only was given at each “step” of interval; the first correct identification of the stimulus 
was taken as end point. No run of exposures was repeated more than once. 

At each stimulus level runs of exposures were given at random pattern durations 
ranging from minimum (2 millisec.) to maximum (1600 millisec.); for each of these the 
minimum interval for masking of perception was established. The stimulus level was 
successively raised until the blocking effect could no longer be obtained under any set 
of conditions within the range of the tachistoscope. 


EXPERIMENT I 


The effect of an after-coming random pattern on the perception of single letter 
stimuli was systematically explored in six subjects by varying exposure duration of | 
letter stimuli, exposure duration of random pattern and length of interval between 
them. In every case the end point was the minimum interval between test and random 
pattern stimulus at which the test stimulus was correctly identified. 

The procedure was repeated in three subjects after an interval of several days. 


RESULTS 


All subjects achieved complete accuracy in the identification of single letters № 
at exposures of 2:5 millisec. All were aware of the presence of the random pattern 
when it was exposed for 2:5 millisec.; but such awareness does not represent quite 
the same judgement as identification of letters. A random pattern can hardly be 
"identified," and therefore it can only be said that the threshold for letters and 
pattern was approximately equal. 

The judgement of end point (emergence of stimulus from masking) proved easy. 


No more than one tachistoscopic switch setting usually separated complete masking 
from correct perception. 


FIGURE 3 
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Stimulus duration-millisec. 


Interval-millisec. 
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Random pattern duration-millisec. 
Relation between random pattern duration and interval at various stimulus durations: 
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Table I give the readings obtained on the six experimental subjects. Figure 3 
is constructed from these results to show how interval varied with duration of 
random pattern at various stimulus durations. Each point in the graph represents 
the median value of the minimum interval between test stimulus and random 
stimulus at, which the test stimulus was correctly identified by the six subjects. The 
test stimulus duration was varied between 2:5 and 8:0 millisec. (above which no 
masking effect could be obtained). The random pattern duration was varied between 
2:5 and 1600 millisec. It is apparent that the masking affect of the after-coming 
random pattern varies in a discontinuous way with its exposure duration. The 
effect reaches its maximum sharply. Further increase in exposure time of the pattern 
does not enhance the effect either with regard to the Stimuli it can mask, or to the 
interval at which it can do so, For practical purposes the effect is all-or-none. 


TABLE I 
MINIMUM INTERVAL PERMITTING IDENTIFICATION OF TEST STIMULUS 
———MÓÓÓ——Ó———— — — — ——— 
Test $ 
‘stimulus 2:5 nfillisec. 
р 228 Subjects | 1 2 ee S TE Median 
2 gw t 2 2 2 2 2 
2:5 2:5 2 2 2 2 2 2 
32 5 2 2:5 32 2 2 2:5 
4 4 2 AREA: 2 2 4 
5 5 32 8o 50 2:5 2 32 
Random 64 50 32 64 | 50 2 32 50 
pattern 8 sai 90 50 80 64 2 3:2 64 
duration 10 ач iss] 40 80 50 40 2 50 
(millisec.) 12:5 nel Od 40 64 50 64 250 64 
16 sale ет 32 80 50 64 40 64 
50 100 50 | 64 64 40 64 64 
160 80 4o | 80 80 80 64 80 
500 80 40 100 64 64 40 64 
1600 80 80 64 64 49 32 64 
E 
Test pa 
stimulus 3:2 millisec. 
Subjects І 2 3 4 5 6 Median 
2 | 2 2 = 2 2 2 2 
2:5 3:2 2 2 2 2 2 2 
32 3:2 2 2 2:5 2 2 2 
ас 4 2 2 2 2 2 2 2 
5 6*4 3:2 6:4 40 2 2 6-4 
, Random 64 5 251) 59 29 z 2 2 
pattern 8 58-132; 32 50 40 3:2 2 3 
duration то үз КС 40 50 40 37 2 da 
(millisec.) I2:5 z| 80 40 50 40 5'0 3 4 
16 к. б 40 50 50 8 20 50 
Е 50 cal zi 40 50 50 32 40 50 
160 64 40 64 64 40 40 64 
500 50 40 40 50 32 25 40 
1600 50 50 64 50 32 32 50 
: re —- 
e 
о 
в 9 e 
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Test 
stimulus 4:0 miliisec. 
Subjects | 1 2 ^8 4 5 6 Median 
2 e 2 2 2 2 2 2 
2:5 2 2 2 2 2 2 2 
32 2 2 2 2 2 2 2 
4 2 2 2 2 2 2 2 
5 2 2 2 3:2 2 2 2 
Random |" 6-4 2 2 4 5 2 2 2 
pattern 8 5 2 2:5 40 2 2; 2:5 
duration 10 16 10 40 40 2 2:5 16 
(millisec.) 12:5 50 12:5 40 64 32 2 40 
16 50 32 40 50 32 2 40 
50 32 40 50 50 32 16 40 
160 25 2 40 40 32 16 32 
500 40 2 64 50 32 1225 2 
1600 41-64 32 40 60 50 16 50 
| 
Test 
stimulus 5:0 millisec. se 
Subjects I 2 i 4 B 6 Median 
5 2 2 2 2 2 2 2 
64 2 2 2 2 2 2 2 
8 2 2 2 2 2 2 2 
10 2° 2 2:5 50 2*5 2 275 
I2:5 3 16 50 40 2 3:2 16 
Random 16 32 то 32 50 4:0 5:0 32 
pattern 20 40 16 32 50 5:0 5:0 32 
duration 25 32 25 32 4o 5:0 6-4 32 
(millisec.) 32 32 16 25 40 6-4 8 25 
40 32 то 40 50 16 64 32 
50 32 10 32 40 25 6:4 32 
160 40 25 32 50 32 10 37 
_ 500 40 то 32 64 25 8 32 
*"r600 32 25 32 50 64. 5:0 32 
Test 
stimulus 6-4 millisec. 
Subjects I 2 3 4 6 Median 
5 2 2 2 2 2 2 А 
6-4 2 2 2 2 2 2 2 c8 
8 2 2 2 2:5 2 2 2 
то 2 2 2 25 2 2 2 
12:5 2 2 2 2 2 
Random 16 2 2 2:5 3 5 2 Д 
pattern 20 2 2 2:5 50 20 2 2:5 
duration 25 | 40 6:4 2:5 40 20 2 20 
(millisec.) 32 25 25 25 40 25 2:5 25 
40 25 16 25 40 20 2 25 
50 25 12:5 25 40 25 2 25 
160 25 12:5 32 50 20 2:5 25 
500 20 6:4 | 25 40 16 2:5 20 
. 1600 32 8 40 40 20 2 32 


2 THE MASKING OF BRIEF VISUAL STIMULI 229 
a 
z 
| Test £ 
stimulus e 8-0 millisec. 
eut T 
Subjects TI 2 3 4 5 6 Median 
5 d 2242 2 2 2 z Al 82 
° 6-4 2 2 a Ma | pune 2 2 
о | 
8 21 2 2 | 2 ao a= 2 
10 [210072 2 2 2 2 2 
ü 12:5 tm 2 m1 2 | 25 aes 2 | 2 
Random 16 а П 2 32 2 2 | 2 
pattern 20 2 | 2 | 2 | 32 z p. 2 | 2 
duration 25 2^7 TE pee 32 2 2 2 
(millisec.) 32 2:51] 2:5 6-4 40 2 2 2:5 
40 а В) 10 32 2 2 2 
50 285 | 275 6-4 Зз 2 2° | 2:5 
160 7 2 | 2 10 32 агу 2 
500 о Р Ka 16 40 АГ А 2 
1600 av GE 8 | 40 2 2 2:5 
LU 
зем = — 
Test 
„= afimulus 10-0 millisec. 
Subjects I 2° 3 4 5 6 Median 
5 * EM 0 Е 2 2 2 2 2 
6:4 an 2 2 2 2 2 2 2 
8 m 2 2 2 d 2 2 2 2 
10 2 2 2 2 2 2 2 
12:5 ОО » 2 2 2 2 2 2 
16 du 2 2 2 2:5 2 2 2 
Random 20 Ж 2 2 2 2 2 2 2 
pattern 25 ЗС 2 2 2 32 2 ze 2 
duration 32 2 2 2 2 2 2 2 
(millisec.) 40 2 2 2 2 2 2 2 
50 «| ema. 2 5 2 2 2 2 
160 2 BME 3:2 40 2 2 2 
500 EE оо 2 2 2 
1600 2 2 | 3:2 32 2 ё 2 
| 
Test T 
stimulus 12:5 millisec. 
Subjects т 2 3 4 5 6 Median 
5 3 2 2 2 2 2 2 2 
А 6:4 we 2 2 2 2 2 2 2 
8 s 2 2 d 2 2 © 2 
10 2 2 2 2 2 2 E 
6 I2:5 dr 2 2 2 2 2 2 
Random 16 Z4 Z 2 2 2 2 2 2 
pattern 20 2 2 D 2 2 2 2 
duration 25 ES 2 2 2 2 2 2 2 
(millisec.) 32 2. 1.2 2 2 2 2 2 
40 2 2 2 2 2 2 2 
59 2 2 2 2 2 2 2 
160 3i 2 2 2 2 2 2 2 
500 КИЫР, 2 e 32 2 z 2 
1600 UR 2 2 2:5 2 2 2 
The minimum interval between test stimulus and random stimulus permitting 
correct identification of test stimulus at six stimjülus durations. ° 
е e 
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Figure 4 relates stimulus durations to interval. The curve was arrived at by 
combining the results obtained for all six subjects, at all effective random pattern 
exposure durations. The relationship is discontinuous. For stimulus duration at 
or just above threshold, increase in the duration results in decrease of minimum 
interval. But when a critical stimulus duration is reached, this relationship is 
sharply broken; the effect becomes unobtainable. 


FIGURE 4 
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Critical stimulus duration 
Stimulus duration—millisec. 


ч Тһе relation between stimulus duration and interval. 

The masking action of an after-coming random pattern on an informational 
stimulus of near equal intensity has therefore clear-cut limits under the conditions 
of illumination used in this study. If either stimulus duration or interval reach а 
critical value, the effect breaks down. The critical stimulus duration (in excess of 
threshold) and the critical interval (at threshold) are convenient measurements 
Table IT shows the critical stimulus durations and intervals obtained for the expert- 


mental subjects; it also gives these values for three of the subjects obtained when. 


they were re-tested some days later. 


It is apparent that there was little variation in the results obtained from subject 
to subject, and on the different occasions. 


EXPERIMENT II 


. The same procedure was applied to the perception in correct orientation of straight 
lines 7-0 cm. long and o:2 cm. thick, horizontal, vertical and diagonal, presented in 
random sequence. Critical stimulus durations and critical intervals are given in Table ш. 
They differ little from those established for letter stimuli. Analysis showed that there 
was no significant difference in these values for horizontal and vertical, as opposed t° 
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. 
diagonal lines—a result to be expected when a truly random pattern is used as masking 


stimulus E 


TABLE П 
CRITICAL INTERVAL AND STIMULUS DURATION 
ы ——— ———————— 


Critical interval Critical stimulus 
(at threshold) duration 
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The critical interval is the minimum interval between test and after-coming random 

М _stignulus at which the test stimulus was correctly identified. The critical stimulus duration 

«^is the difference between the minimum test stimulus 
effect was no longer obtainable and thé threshold for the t 


“Method.” 


duration at which the masking 
est stimulus as defined in 


TABLE III 


CRITICAL INTERVAL AND STIMULUS DURATION 
ғов CORRECT PERCEPTION OF LINES 
4 ———————A 


3 Critical Critical 
stimulus interval 


P 
Subject - — и = 
| Ist 2nd rst | 2nd 
millisec. millisec. millisec. | millisec. 
° | 
| 


Subject duration |(at threshold) 
(millisec.) | (millisec.) 


D КЕ As 5 40 
d en] 4 50 с 


_—— 
The critical interval is the minimum interval between test and after-coming random 
identified. The critical stimulus 


k stimulus at which the test stimulus was correctly ide 7 t 
duration is the difference between the minimum test stimulus duration at which the 
masking effect was no longer obtainable, and the threshold for the test stimulus as defined 


in "Method". 


EXPERIMENT ПІ 


е The same procedure was applied to the simultaneous perception of groups of two 
and three letters. Two subjects were tested by exposures given in runs as before till all 


letters of the group had been correctly identified. The letters were horizontally adjacent, 
'and separated by intervals of 1 cm. А \ Я i 
hat the threshold for the correct identification of all the letters in the 


It was found t r 
group never exceeded that of identification of one of the group by more than one 
tachistoscopic step. In most cases, two and three letters were simultaneously identified 
at the same exposure duration as single letters. There was a similar relationship between 
perception of one and all when the random pattern was used to establish critical stimulus 
duration and critical interval (Table IV). It appears that under the present conditions 
simultaneous perception is influenced by the after-coming random pattern much as is single 
perception. 

k E 
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TABLE IV 
CRITICAL INTERVAL AND STIMULUS DURATION FOR 


CORRECT PERCEPTION ОЕ LETTER GROUPS 


А RL aaMMMMllllMMMllMŘĖõÁ 


Critical | г 
stimulus Critical А к 
Subject | duration interval Threshold 
| (millisec.) | (millisec.) | (millisec.) 
< L — 
ү | = - | 
27955 25 5:5 50 2:5 
1 Letter j 
КӘ зн | 10:0 | 80 2:5 
| 
ES DN E 515 64 | 2'5 р 
2 Letters | 
3 as 33 10'0 80 | 2:5 
| | 
| | 
2 55 64 2:5 
3 Letters | 
A Axe E 13:5 100 | 32 ‹ : 
mcm D ш —————_— 


EXPERIMENT IV 


The mechanism of action of the after-coming random pattern in Experiment I and 
П was investigated in two subjects as follows:— 


50 as just to correspond to that receiving the letter stimulus. Thus a section of ' 


random pattern, 2-0 cm. X 1:2 cm., was presented centrally, the periphery of 
the tachistoscopic field being left clear. 


Apart from this modification the Procedure was identical with that of Experiment I. 

The results showed that the random pattern limited to the retinal locus involved 
in reception of the informational stimulus is fully as effective in masking the stimulus 
as a random pattern Covering a wider area (Table V). 


5 
TABLE V 
CRITICAL INTERVAL AND STIMULUS DURATION 


UNDER MODIFIED CONDITIONS OF RANDOM PATTERN PRESENTATION A 
о 
4 


Critical stimulus Critical 


Subject duration interval 


Random pattern Covering, but limited | 2 10:0 | do 
to locus of test stimulus 50 


w 


(555) 
Random pattern Surrounding locus of | 2 , : о, at threshold 2 
test stimulus | Qux ЗА 0'7 3 
| 


et | ee 


The ratio of black to white within the 2-4 sq.cm, of pattern stimulus was approxi- 
mately 3/7. Within th i i 


illumination of test and random stimulus fields the same, but it fell 6n visual material 
of comparable extension in Space їп terms of total area of "blackness." That the md Ч 
effect was as regularly obtained here as before, strengthens the argument that the effe | 


t 
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has been elicited not only under conditions of equal illumination but of approximately 
equal effective overall intensity of the two fields. 
(b A blank gap was introduced into the centre of the random pattern so that 
though filling the rest:of thé field, the non-informational stimulus did not 
actually overlap the area of presentation of the letter stimulus. 


Apart from this modification the procedure was identical with that of Experiment I. 

The results showed that this form of presentátion abolishes the masking effect of 
the after-coming random pattern (Table V). It does introduce some irregularities of 
threshold for perception of the test stimulus, but these are slight and variable, and not 


comparable to the striking and regular effect of presenting test stimulus and after-coming 
pattern to the same retinal area. 


Discussion 


The results show that under the condition of the experiments it was possible 
consistently to mask a test stimulus by means of an after-coming random pattern. 

In its all-or-none effect in masking perception, the after-coming random pattern 
differs radically from the previously used non-informational stimulus, the after- 
coming flash. The effect of the flash varied in a continuous and complex way 
with stimulus duration (Baxt, 1871; Lindsley snd Emmons, 1958). Piéron (1925) 
plausibly attributed this effect to variation of latency depending on intensity. This 


are approximately equal in intensity. „Ріёгоп (1925) thought it impossible to obtain 
masking under such conditions— for stimuli differing in form and of equal intensity 
(or nearly so) there cannot be masking; even if simultaneous, both stimuli are 
perceived.” 

Nevertheless, masking was obtained under just such conditions; and its 
explanation must be other than that applicable to the intense after-coming flash. 

The limits of the effect of the random pattern was remarkably clear-cut; it 
masked stimuli of up to a critical exposure duration; when it did so, the effect was 
maintained until the interval between the two stimuli reached a critical value. 
Over the range of stimulus durations for which masking was possible (/.e. between 
threshold and critical stimulus duration) the minimum interval permitting per- 
ception varied inversely with the stimulus duration (Figure 4). An alternative 
statement of this relationship is: stimulus duration x interval = a constant. 

Within the range of conditions tested, it was found that the ctitical stimulus 


| explanation is not applicable to a situation in which, as in the present, the stimuli 


duration regularly exceeded threshold by between 6:4 and 12:5 millisec. (median. 


8-0 millisec.). Such regularity must be based upon some fundamental property of 
visual perception. The same applies to the critical interval, which under all 
conditions was between 40 and 80 millisec. (median 64 millisec.). This value may be 
related to the minimum time intervals which can be discriminated by the visual 
perceptual processes; it would again appear to reflect some fundamental property 
of visual perception. 

Baxt (1871) reported that when the groups of letter stimuli were followed by 
an after-coming flash, the letters were not seen simultaneously, but serially. Each 


-additional letter required approximately an extra IO millisec. of exposure time. 


Averbach and Sperling (1960) mentioned briefly that using an after-coming stimulus 
of “parts of letters" they arrived at similar results. Using a random pattern, this 
result was not obtained (Experiment TII). 

* The reason for Baxt's finding may now never be known, as he did not report 
sufficient experimental details to permit his work to be repeated. Averbach and 
Sperling’s results may be due to failure of their after-coming stimulus, not truly 
tandom, equally to mask each letter in a group. In any case the use of a random 
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pattern does not reveal serial perception of the type postulated in “filter theory" 
(Broadbent, r958). If something corresponding to a filter plays a part in visual 
perception, it does so at a stage in perception ,other than that which is affected by 
*an after-coming random pattern. 4 7 

That the masking effect is not a diffuse one is shown by the results of Experi- 
ment IV. That it is not limited to the perception of letters is shown in EXperiment 
II; and work in progress suggests that it is widely applicable to many categories of 
simple forms. 

Simply to state, on the lines of Baxt (1871), that the interval after which an 
after-coming stimulus fails to obstruct perception represents the time it takes to 
percelve a letter is to let hypothesis far exceed the evidence. 

The concept of "perception time" is of little help in explaining the effect of an 
after-coming random pattern. When the cerebral cortex is required to differentiate 
an informational pattern from a non-informational one following it within a brief 

, interval, that is to impose an extra stress upon the system. The task is harder, but 
' not necessarily so because the second stimulus has "wiped out" the first (Teuber, 
1960), a term which prejudges the issue. All that can be said is that the threshold 
exposure duration at which an informational stimulus can be differentiated from a 
random pattern background is higher than that at which it can be seen against a 
, homogenous light background; and that an after-coming random stimulus effectively 
forms such a background when it follows within a brief period. The length of that 
period must indeed relate to some fundamental attribute of the neural system sub- 
serving visual perception. Perhaps this attribute is the minimum interval between 
two brief stimuli which permits the perceptual processes to deal with them individu- 
ally, rather than as a composite stimulus which may therefore at times be 
unintelligible. Further experiments are required to settle this question. 


Р . We wish to thank Dr. Eliot Slater for granting facilities for this work; Mr. J. W. 
Whitfield for helpful comment; Mrs. E. King for help with the experimental procedures; 
, and Mr. A. Prickett for preparing the graphs. 
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FURTHER STUDIES ON THE MASKING OF BRIEF VISUAL 
STIMULI BY 4 RANDOM PATTERN 


BY 


M. KINSBOURNE and ELIZABETH K. WARRINGTON 
From the National Hospital, Queen Square, London, W.C.1 


A brief visual test stimulus may be masked by a preceding random pattern of 
roughly equal intensity in the same way as by a succeeding random pattern. The para- 
meters of random pattern duration, interval between stimuli, and test stimulus duration 
limiting the masking effect, show a regularity very similar in the two conditions. When 
the random pattern precedes the test stimulus, the relationship betweezr the two may 
be stated as follows:— 

Stimulus duration x interval — a constant. 
The identical effects are found when the two stimuli are presented separately, one to 
each eye, both for random pattern preceding and succeeding the test stimulus. It was 
concluded that masking resulted through the сароча interaction, whether produced 
by the preceding or succeeding random pattern. The interaction may be related to, and 
occur within the limits of, apparent simultaneity of rapidly successive visual stimuli, 


INTRODUCTION 


A brief visual test stimulus may be masked by an after-coming random pattern 
presented to the same retinal locus (Kinsbourne and Warrington, 1962). This 
effect occurred only within certain well defined limits: when the test stimulus 
duration did not exceed a critical value, at which masking is overcome (critical 
stimulus duration), and when the interval between the test stimulus and random 
pattern did not exceed a critical value, beyond which no masking effect occurred 


ә 


(critical interval). The exposure duration of the random pattern was of minor - 


importance, There was a relationship between the critical interval and the test 
stimulus duration, which held for durations of the test stimulus up to the critical 
stimulus duration. This was formulated as follows:— 
Stimulus duration x critical interval = a constant. 
The results could not be explained by supposing a different retino-cortical 
latency of masked and masking stimulus, as the two stimuli were of approximately 
equal intensity, whereas to establish a significant difference in the latency, a vast 


‘disparity of intensity is required (Piéron, 1925; Bernhard, 1940). 


An alternative suggestion was made, that the critical interval is the time which 
permits the perceptual process to deal with the two stimuli separately in succession, 
rather than simultaneously as a composite, and therefore unintelligible, stimulus. 

Before such an explanation is acceptable, two further considerations must be 
taken into account. Can a comparable masking effect be produced when the random 
pattern precedes the test of stimulus? Does masking represent interaction at a 


cerebral or at a retinal level? Two experiments devised to answer these questions 


are the subject of this communication. 


EXPERIMENT I 
„ The aim of Experiment I was to determine the effect on a brief visual stimulus of a 
preceding random pattern. 
Apparatus 


A Dodge type tachistoscope was used. The optical arrangements are shown in 
Figure т. A background field (2:5 ft. lamberts in brightness), and subtending 14 x 9° of 
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2 
visual angle, could be replaced by two successive test fields of equal size and brightness. 
In the interval between the test fields, the background field was again on view. It was 
possible to vary independently the exposure duration of each of the two test fields and 
the duration of the interval between them. For eêch there were thirty available exposure 
durations, between 2 and 1600 millisec. on a geometrical scale, with a multiplying factor 
of 1:25. This apparatus is described in detail by Kinsbourne and Warrington (1962). 


FIGURE 1 


M-Half silvered mirror 
$-Screen 


Background 


Oa 


Field 16 


Optical arrangement of the tachistoscope. 


The test stimuli used were Capital letters, and included all those in the alphabet 
except I, J, O and Q. They were printed singly in black on white cards by the puse 
process; their height was 1-2 cm. and their width varied between r-o cm, and 2-0 cm. 
2 component strokes were 0:3 cm. thick, and exposed at a distance of 60 cm. from the 

. The non-informational stimulus used was a secti 
noise") described by Laner, Morris and Oldfield ( 
in Kinsbourne and Warrington, 1962). 


Seven normal subjects acted as observers in this experi 3 і 
2 x re tested in 
the light adapted state PNE alba ee ere to 


on of the random pattern (“visual 
1957)—type 80 units/sq.cm., (Fig. H 


Procedure 


The subject fixated binocularly a faint central mark in the tachistoscopic field. He 


Using the test letters in randem 
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Sets of readings were then taken for stimulus durations from threshold upwards. 
At each stimulus duration, various exposure durations of the preceding random pattern 
were tested as follows :— д 
Interval was increased stepwise from minimum (2 millisec.) until the random pattern, « 
at the exposure durations under test, no longer masked the perception of the stimulus. 
A single trial only was given at each "step" (switch setting) of interval; the first correct 
identification of the stimulus letter was taken as end point. No run of exposures was 
repeated more than once. 

At each stimulus level runs of exposures were giveñ at random pattern durations 
ranging from minimum (2 millisec.) to maximum (1600 millisec.); for each of these the 
minimum interval at which correct perception just became possible was established. 
The test stimulus duration was then successively increased and the above procedure 
was repeated at each test stimulus duration until the masking effect could no longer be 
obtained at any value of random pattern duration and interval within the range of the 
tachistoscope. m 
This procedure was identical with that used by Kinsbourne and Warrington (1902), 
except that the random pattern preceded the test stimulus, instead of following it. 


RESULTS 


. The minimum interval necessary for the correct recognition of the test stimulus 
at each duration of random pattern, and for each duration of test stimulus (up to 
the duration at which masking is no longer obtained), is given in Table I. The 
values obtained from each subject are recorded separately, as is the median value 
for all subjects under any given condition. Figure 2 illustrates the minimum interval 


FIGURE 2 
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? & П 
754 «64 10. 16% 25.040.764 100 160 250 400 640 1000 1600 
Random pattern duration—millisec. 
Relation between random pattern duration and interval at various stimulus durations. 
“ (Random pattern preceding test stimulus). 


T = Threshold stimulus duration. AP 
No's 1—7 represent serial switch settings with a multiplying factor of 1:25. 


necessary for the correct recognition of the test stimulus under varying conditions 
of random pattern duration and test stimulus duration, using the median value for 
all the subjects. Thus each point on the graph represents the median of seven values 
(one from each subject) of the minimum interval necessary for correct recognition 
of the test stimulus under the given condition. The form of the family of curves is 
very similar to that obtained in the previous communication, in which the masking 
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effect of an after-coming random pattern on a brief visual stimulus was established 
(Kinsbourne and Warrington, 1962). These findings show that a preceding random 
o Pattern is as effective in masking a brief visual stimulus as is an aiter-coming random 
pattern. 
TABLE I © 
Minimum IxTERVAL PERMITTING ÍDENTIFICATION OF TEST STIMULUS 


a 


Test D ! 
stimulus At Threshold 
Subjects | t | 2 3 4 5 6 | 7 | Médian 
% 25 2 2 2 2 2 2 2 2 
32 2 2 2 2 2 2 2 2 
40 2-5 neg 2 то 2 32 2 2 
5:0 4 2 2 64 2; 64 4 4 
6:4 | 20 64 50 8o 64 125 2°] 64 
8-0 a| 160 | тоо 64 | roo | тоо |тоо | roo 160 
IO: T Bl NNER 80 64 | 125 64 125 IOO | тод е 
Random 12:5 Отоо! | r69 80 | roo 80 | 80 80 80 
pattern 16:0 -.| 100 | 250 100 | 200 64 тоо 125: | Jioc 
duration 25:0 -+| 160 | 320 80 | 125 too |тоо 250 160 a. 
(millisec.) 40:0 Э |25900 хо доо | T25 250 100 125 
64:0 250 | 250 125 | 640 125 160 160 160 
100 160 | 250 | 160 | 320 | 125 | 160 | 250 160 
160 320 320 125 250 100 400 160 250 
250 160 | 250 | 160 | 320 | roo 500 | 125 160 
доо 125 | 250 | 125 | 250 | roo | тбо. | 125 125 
640 160 | 250 | 160 | 250 125 | 500 | 160 | 160 
1000 160 | 320 | 125 | 250 125 125 125 125 , 
1600 250 | 250 125 ооо 125 125 125 12 
Test 
stimulus Threshold -- 
* Subjects 1 2 3 4 5 6 7 | Median 
2*5 2 2 2 2 2 2 2 2 
32 2 2 2 2 2 2 2 2 5 і 
49 2 2 2 2 3:2 3:2 2 E 
50 25| 2 2 2 EN Gua c Tu 2 
64 2:5| 50 2 40 64 40 2 40 
8:0 32 | 50 NEC NS ore 32 
Io:o ..| 50 64 50 80 64 64 5 | 64 | 
Random I2:5 e| 64 80 64 125 50 50 64 64 
pattern 16:0 ..| 80 64 50 | roo 64 50 50 64 s 
duration 25:0 -.| тоо | 125 80 64 64 50 | 160 80 1 
(millisec.) 40'0 «4 125 | 125 80 | 125 8o 80 | тоо Toc ыр 
64:0 «| 160 | 125 80 80 64 | roo | roo teg 
тоо 160 | roo | roo 125 80 | 125 125 125 
160 TOO roo HH Efe Боз | тоо | тор 80 123 
250 SAE E ros 80 | 200 | 160 125 
400 тоо | 125 125 100 | тоо 100 125 100 * 
640 тоо |) x25 80 | 125 | тоо | 100, | 100 тоо 
1000 160 | 320 80 | 160 | roo | 125 | 100 125 
1600 100 | тоо 80 | 125 |тоо | 125 8o 100 
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j 
Test ? 
stimulus Threshold +-2 
Subjects T 2 3 4 5 6 7 Median 
2:5 sez mE UTI ЖЕ a ИК > 2 
3:2 " 2 2 2 2 2 2 2 2 
4:0 SENE, 2 oie lee 2 2 2 2 
5:0 ЗА 2:5 2 Zu ND e awe fe 2 
6:4 ot 2:5 2 3:2 2, Bi Gare 2 е2 
8-0 ce 2:5 2 6:4 5 Sp ues 2 5 
10:0 20 32 40 5 50 LX 2 25 
Random I2:5 SX SO 50 50 64 50 x PNE: 50 
pattern 16:0 ESO; 64 64 50 до 40 10 50 
duration 25:0 ШАК 64 64 64 64 50 50 40 64 
(millisec.) 40:0 | 125 8o 64 80 64 50 64 64 
64-0 ..| тоо | тоо 80 | 125 50 64 100 100 
100 2.) 80%) 125 64 | roo 64, | 80 80 80 
160 ча X259 125 80 “| 125 80 | 125 100 125 
250 TX OOM NE LOO: 64 100 8o | 80 | 64 8o 
400 ..| 8o | тоо 8o |тоо 8o | 8o 64 80 
640 1-1. 5897 | 306 64 | 100 |тоо 80 80 80 
1000 ..| 80 | roo 8o 8o 80 | 125 80 80 
1600 | © | тоо 100 80 |тоо 100 80 тоо 
| | 
Tesi 
stimulus Threshold +3 c 
Subjects I 2 3 4 5 6 7 |Median 
2:5 2 2 2 2 2 2 2 2 
3:2 2 2 2 2 2 2° 2 D 
40 2 2 2 2 2 2 2 2 
5:0 2 2 2 2 2 2 2 2 
6-4 2 2 20 2 2 16 2 2 
5 8-0 2 2 20 2 2 8 2 2 
| 10:0 4 2 32 16 2 10 4 4 
| Random I2:5 SALUS 2 22:0] 832 ESZ 16 2 3 
| pattern 16-0 ssl 25 25 49 64 25 25 2 25 
| duration 25:0 BO 40 50 64 40 37 20 40 
| (millisec.) 40:0 до 64. 50 64 40 50 50 50 
64-0 8o 50 50 | 100 64 64 64 64 
ЕЗ 100 8o 80 50 64 50 50 80 64 
160 100 80 50 100 64 50 80 80 
250 80 80 64 80 64 80 64 80 
400 80 80 64 64 64 64 80 64 
640 80 64 64 80 64 64 50 64 
1000 64 50 64 80 64 64 64 64 
1600 64 64 50 64 80 80 64 64 
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Test 2 = 
stimulus Threshold +4 
Subjects Ñ 2 3 4 5 | 6 hoe Median 
2*5 „| 2 2 2 2 2 2 | 2 2 
3:2 2 2 2 2 2 2 2 2 
40 D 2 2 2 2 2 2 2 2 
5:0 icis Ie 2 2 2 2 Bs 2:1 2 
D 6:4 2 2 2 2 2 2 20 2 
8-0 2 2 2 2 Ул 2 2< | 2 
10-0 sae: 2 2 | 40 2 OMEN 2 
Random f° 12:5 0 EZ 2 2 40 2 o ME ae 
pattern 16-0 aS IO 8 6-4| 40 2 2:5| 3:2 6:4 
duration 25:0 oer 32 10 40 20 50, | "2 20 
(millisec.) 40:0 e] 50 32 32 50 32 OE 16 | 32 
64:0 «| 80 50 40 80 50 MO || 32) 50 
100 асо 40 40 |тоо 50 50 | 80 50 
160 -.| 64 | Bo 50 64 50 | 50 | 64 64 
250 64 64 2 | тоо 50 | 4o 50 50 
400 бе 67 64 40 80 50 | 64 | 50 64 
640 є.| 64 64 33, 64 50 40 5° 59 
1000 Se] 64 50 40 64 50 64 | 40 9o 
1600 15113240 64 40 8o 50 50 | 50 50 
! T. 
Test 
stimulus, Threshold +5 
Subjects I 2 3 4 5 6 7 | Median 
c) 2 2 2 2 2 2 2 2 
32 2 2 2 2 2 2 2 2 
» 4'0 2 2 2 2 2 2 2 2 
ОО 2 2 2 2 2 2 2 2 
6:4 2 2 2 2 2 2 2 2 
8-0 2 2 2 2 2 2 2 2 
10:0 2 2% 
Random 12:5 We 2 2 2 2 ; | : 2 
pattern 16-0 va I6 2 2 5 2 a | 4 2 
duration 25:0 y. 126 2 2 8 25 2 то 8 
(millisec.) 40:0 40 2 12:5) 64 3:2| 25 4 x2:5 
64-0 50 | 25 3:2| 64 2:5| 50 32 32 
ios 40 | 164: | 25: | 80 | 4o. | so | 32 40 
160 32 50 32 50 32 64 | 25 32 
250 ЗЕ ДОО! БО | 146 А8 
pos 2071559 50 | до | 32 50 | 40 50 
640 5° 50 25 40 40 50 40 49 
1000 40 40 32 5o 40 4o 40 40 
1600 32 32 32 64 32 49 32 32 
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Test 
stimulus Threshold +-6 
Subjects I 2 3 4 SMS 7 |Median 
| 
25 3:2 2 2 2 2 2 2 2 
40 16 12:5 2 2 2 2:5 2 2 
64 25 Me ee 64 6:4| 50 2 6*4 
Random 100 25 2 2 32 40 8 3:2 8 
pattern 160 32 5 2 40 32 32 6-4 32 
duration 250 32 2 2 50 32 32 25 32 
(millisec.) 400 40 2 2 64. 32 32 40 32 
640 32 8 2 64 32 40 |**3:22] 32 
| 1000 25 2 4 40 32 25 2 25 
1600 25 2 2 40 32 32 3:2 25 
4 Test 
| stimulus Threshold +7 
Subjects I 2 3 4 5 6 7 | Median 
25 v 2 2 2 2 2 2 2 
40 2 2 2 2 2 2 2 2 
| 64 312 2 2 25 12:5 2 2 2 
Random 100 40 2 2 40 2 5 2 2 
| „ pattern 160 40 2 2 40 32 32 SS 32 
duration 250 PXL3 MEME" 2 40 2 2 32 2 
(millisec.) 400 2:5| - 2 2 25 3:2] 25, 20 2:5 
640 3:2 2 2 40 25 2 2 2 
1000 2:5 2 2 32 25 2 2 2 
1600 3:2 2 2 40 25 25 2 2:5 
| 
| T'est 
stimulus Threshold --8 
Subjects 1 2 3 4 5 6 7 | Median 
E 
25 2 2 2 2 2 2 2 2 
40 2 2 2 2 2 2 2 2 
64 2 2 2 2 2 2 2 2 
‚ Random тоо 2 2 2 2 2 2 Я 
pattern 160 2 2 2 2 2 v А > 
duration 250 2 2 2 32 2 2 5 а 
(millisec.) 400 2 2 2 32 2 2 с 
640 2 2 2 32 2 2 2 
1000 2 2 2 20 2 2 2 2 
1600 2 2 2 | 25 2 Z 2 A 
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Test 
stimulus Threshold --9 
— - — A. 4. — - 
| Subjects I 23 4 | |56 7 | Median 
| | md der 
[372 5 2 Е 757 2 2 2 2 2 
40 2 2 | 2 Ze» 2 2 2 
64 252 2 22819 Zi 2 ЭЛҮ? 2 
Random 100 2 a ME Ms NS X LZ 2 
pattern | 160 2 2 2412 Zu: 2 2 
duration | 250 25 2). 23502 em е шә | 2 2 
(millisec.) 400 a2 7-1. 2 caia 2 22 2 
640 2 2 2 2 2 2 
1000 2 2 2 2 z. um 2 2 
1600 2 2 2 2:5 X SE `2 2 
| | 


The results are expressed in millisec. of interval. 
The threshold for the seven subjects ranged from 2:5 to 4:0 millisec. Test stimulus 


duration was progressively raised from threshold by steps involving a multiplying factor 
of 1:25. * 


The relationship between the test stimulus duration and the minimum interval 


necessary for correct recognition of the test stimulus (critical interval) is illustrated 
in Figure 3. The critical interval for each test stimulus strength was calculated 
by taking the median value of the individual critical intervals obtained at random 
pattern durations of 200, 400, 640, 1000, 1600 millisec. (at these random pattern 
durations the masking effect has reached its maximum—Figure 2). Figure 3 presents 
the combined results of the seven subjects; each point on the curve is the critical 
interval at a given test stimulus strength. For comparison, the relationship between 
critical interval and test stimulus strength obtained when the test stimulus preceded 
the random pattern (Kinsbourne and Warrington, 1962) is also included. ; 


FIGURE 3 


Interval—millisec. 
a 


T T+IT4+2743T44T+45T+6 
Stimulus duration—millisec. 


The relation between stimulus duration and interval. 
x Random pattern preceding test stimulus, 
3 O Random pattern following test stimulus. 
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The two curves are seen to be identical in slope. There are two points of 
difference; firstly, the absolute value of the critical intervals is greater at any given 
stimulus strength when the random pattern precedes the test stimulus; secondly, under 
these conditions the masking effect is still obtained for test stimuli of slightly greater 
duration. In these respects the masking effect of a preceding random pattern is 
somewhat greater than that when the random pattern follows the test stimulus. 


EXPERIMENT П 
The aim of Experiment II was to determine the effect of dichopic presentation of 
à brief test stimulus, and a preceding or succeeding random pattern. 


é 


Apparatus 


The optical system of the tachistoscope described in Experiment k»was adapted 
for dichopic presentation of the test stimulus and the random pattern (Figure 1). The 
mirrors could be so arranged that the stimulus from the first test field could be presented 
to either left or right eye alone (mirror in positions а and c respectively). Similarly, the 
stimulus from the second test field could be presented to either eye alone, the left or 
the right (positions b and d respectively), whichever was not receiving the stimulus from 
the first test field. a Т ү 2 

The test stimuli and random pattern were the same as those used in Experiment 1. 
. ^ Three normal subjects acted as observers in this experiment. 


Procedure 


The parameters of masking by a preceding and by a succeeding random pattern 
were established. The random pattern duration was kept constant at 500 millisec. At 
each stimulus duration, from threshold value to that duration at which no masking was 
obtained, the critical interval for the correct recognition of the test stimulus was recorded, 
both when the random pattern preceded and when it succeeded the test stimulus, Three 
teadings were taken under each of these conditions, and the median value was taken as 
the critical interval in each case. у 

In two subjects the right eye received the first stimulus when the — аш 
preceded the test stimulus, and in two subjects the right eye received the first stimulus 


when the random pattern followed the test stimulus. 


TABLE 11 


ION oF TEST STIMULI AND RANDOM PATTERN 


MONOCULAR PRESENTAT: ie 


Random pattern Random pattern 


preceding succeeding 

Subject I @ з |Мейап 1 2 3 |Median 

Interval (millisec.) Interval башы) 

T, .. 160 | 125 | 250 160 too | 80 | a0 ee 

Тат | too, | хоо 90 100 8o | 80 9 x 

Test То о 80 80 80 50 64 d » 

Stimulus | T 2-3 ..| 64 80 80 80 32 40 a io 
duration | T +4 — ..| 50 64 64 64 2 Ы. Ы Dm 

(millisec.) | Tis, у 52 50 32| 32 124 16 эбе 

I5 |. x eain т 

T | 5 2 2 2 | 2 

| T T aq ; Р 2 2 2 gi A 2 

сЗ | P | 


i ry instance. 9 
ЗЛЕ 4:0 millisec. Test stimulus 


Random pattern duration was 500 millisec. 
ltiplying factor 


The threshold for the three subjects ranged from 32 to 470 
a tation was progressively raised from threshold by steps involving a mu 
1:25, 
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RESULTS 


Table II presents the critical intervals at each test stimulus duration, under 
conditions of separate monocular presentation.» The-results for each subject are given 
separately and combined by taking the median value. These results are shown in 
Figure 4. The resulting curves are seen to be very similar to those obtained with 
binocular presentation, both in slope and in terms of absolute values. 


FIGURE 4 
250r 
160 R 
ENS 
100 x 
) Г. Жы 
64 


40r 


Interval—millisec. 
u 
at 


T T+IT+27+3T+4T+57T+6T+7 T4-8 
Stimulus duration 


The relation between stimulus duration and interval. 


Random f Binocular presentation x 
pattern 
preceding | Monocular separate presentation + 


Random f Binocular presentation (Ө) 
pattern 


following. | Monocular separate presentation @ 
Separate monocular presentation of test stimulus and random pattern. 


DISCUSSION 


The masking effect occurs in the same way when test stimulus and random 
pattern are presented separately, one to each eye, as under binocular conditions 
(Kinsbourne and Warrington, 1962, and Exp. I), both when the random pattern 
precedes and when it succeeds the test stimulus. Evidently the effect does not 
depend upon interaction at the retinal level. The mechanism of masking must 
therefore be considered in the light of knowledge of central perceptual processes. 

The results of Experiment I show that masking of a test stimulus by a preceding 
random pattern can as readily be obtained as from a succeeding random pattern» 
Moreover, although in absolute values of stimulus duration and interval limiting the 
effect the range within which masking occurs is greater when the random pattern 
1s presented first, the characteristics of the interaction and its limits are so similar 
as to leave no doubt that both forms of masking are due to the same central mechan- 


ism. In particular, the relationship between test stimulus duration and critical 
interval is here, as before:— 


ч Stimulus duration x critical interval — a constant. 


A 
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| Baxt (1871) considered that masking could only occur if the masking stimulus 
followed the test stimulus; that is, when it arrives “centrally” during the "perception 
time" of the test stimulus, t.e., during the time it takes for the test stimulus to be 
perceived. This does not suffice to 'explain the present findings, as the masking 
stimulus, although preceding the test stimulus, and thus arriving centrally outside 
its "perception time," nevertheless masks its perception. The results are more 
consistent with the consideration touched upon in the previous communication 

| (Kinsbourne and Warrington, 1962), that there may exist a limitation of the visual 
perceptual process as regards the temporal succession of stimuli at, or just above, 
threshold. The effect of such a limitation would be that when such a stimulus is 
preserited very soon before or after another, the two are treated as "'simultaneóus," 
and are recorded as a composite image, without temporal differentiation. When 
this composite image includes a random pattern of the kind used, it may prove too 
complex for retrospective analysis. It would then be impossible to pick out and 
correctly report the informational (test) stimulus. 

If this is so, the limits of the subjective sensation of "simultaneity" might be 

! found to coincide with those of the masking effect under comparable conditions. 
_ Furthermore, it might prove that other phenor&ena, also depending on the presence 
! or absence of apparent simultaneity, are limited in their occurrence by parameters 

corresponding to those which limit the masking effect. 
The experimental test of these predictions will be reported in another com- 

munication. 

| 


ee 
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SHORTER ARTICLES AND NOTES 


ELIMINATIVE AND ENUMERATIVE BEHAVIOUR IN A 
CONCEPTUAL TASK 


BY 


N. E. WETHERICK 
From the M.R.C. Unit for Research on Occupational A spects of Ageing, Liverpool 


P. C. Wason's paper “Оп the Failure to Eliminate Hypotheses in a Conceptual Task" — | 
is criticized on.the grounds that the task set is in important respects untypical of problem 
solving situations in general. It is suggested that few ог no subjects are “Eliminators” 4 
in Wason's sense and that although many are “Enumerators’’ in his sense, enumerative 
behaviour is a function of the situation. An experiment is reported in which it appears 
that modification to the situation can sharply reduce the incidence of enumerative 
behaviour and increase the subject's chance of success at an early stage.. The frequency 
with which hypotheses are directly eliminated is shown to be very low in all groups. 


In a recent paper in this Journal, P. C. Wason discusses what he calls “The failures 
to eliminate hypotheses in a conceptual task." He presented to his subjects a 
group of three numbers “2 4 6" telling them that the group exemplified a rule that 
he had in mind (the rule was “any three numbers in ascending order"). The subject 
was required to find the rule by proposing further groups of three numbers with reasons 
and being told whether his group conformed to the rule or not. The subject could 
say what he thought the rule was at any time but the instructions emphasized that 
he was not to do so till he was quite sure. He found that only a minority of his 
subjects got the correct rule at the first attempt and interpreted this to mean that 
the majority were either unable or unwilling to test their hypotheses. He supported 
this conclusion by demonstrating significant differences between the group successful 
at the first attempt and the rest on two indices; an "Eliminative/Enumerative index” 
and a "Negative instance index." The former was calculated as a ratio between 
the number of subsequent instances incompatible with each reason proposed and 
the number cómpatible, summed over all the reasons proposed. The latter was 
a simple ratio of negative to positive instances proposed. 

_ Wason's experiment can be criticised on two grounds. The subject's task is, 
misleading in so faras customary methods of testing hypotheses cannot in this situation 
lead to a hypothesis being eliminated. Further, there is no evidence that any subject 
actively eliminated hypotheses in this Situation; the two indices measure the extent 
to which a variety of hypotheses are considered instead of only one, not the extent 
to which hypotheses are eliminated. 

In Wason's experiment the rule may be regarded as the “Truth,” the “Law of © 
Nature" which the subject regarded as a scientific investigator is trying to discover. | 
We will call instances conforming to the rule "Positive" and instances not conforming? 
"Negative." Instances may at the same time either conform or not conform to 
whatever hypothesis the subject has in mind as to the “True law of nature" in the 
situation. Four cases may arise; conforming-positive, conforming-negative, not 
conforming-positive and not conforming-negative. Wason did not ask his subjects 
to state whether they thought their instances would be positive or negative when 
they advanced them but this information is necessary if we are to state positively 
that a subject has knowingly eliminated a hypothesis. For example, if a subject 4 


4 


ò 


proposes 357 
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—odd numbers" and is told that this instance is positive he has 


logically eliminated the hypotheses "Even numbers ascending" and “A number, 
twice the number, three times the number." But neither of these hypotheses may 
have crossed his mind. If he thought that “3 5 7" would be positive he cannot be * 
known by the experimenter to have eliminated any hypothesis; if, however, he 
thought it would be negative he has clearly tested and eliminated the hypothesis 
"Even numbers ascending" even though he may remain unaware that “А number, 
twice the number, three times the number" has also been tested and eliminated. 
A subject who considers a number of hypotheses generates a high eliminative index 
but he cannot be known by Wason to have eliminated them. Negative instances 
are nót an indication of eliminative behaviour; a negative instance that the subject 
expects to be negative is enumerative in Wason's sense. 

Only two of the four cases that may arise eliminate the hypothesis under con- 
sideration; the conforming-negative and the not conforming-positive. The initial 
instance Wason used embodies a number of obvious relationships of the general |. 
form "Ascending order with some further restriction." Any subject considering 
one of these hypotheses (and this includes the majority) would be at a disadvantage 
because any instance conforming to the subject's hypothesis would be positive 


| wfortiori. He could only eliminate his hypothesis by proposing an instance which 


did not conform on the off chance that it might turn out positive. This appears 
io be what Wason means by "Testing a hypothesis" but it is not a characteristic 


way of proceeding in ordinary life situations. 
of test is used in scientific procedure (control groups 
students) might reasonably be expected to use it where necessary. 


Wason might reply that this kind 
) and that his subjects (university 
The question 


then arises whether the situation is one that calls for the use of a control procedure. 
The hallmark of such a situation is that the class of interest cannot be unequivocally 


distinguished from the contrast class. Where t 
difference that is large compared with the normal 
mean value the need for controls is not so obvious. 
ence is quite unequivocal—given by the experim 


he distinguishing characteristic is a 

deviation of the variable from its Б 
In Wason's situation the differ- . 

enter. On ordinary scientific 


criteria the need for a control procedure does not arise. 


The distinction shown up by Wason's indices is 
confirmed the sufficiency of one hypothes 
tors) and others who are more cautious an 
Without necessarily eliminating 
first time if they happened to pic 
contingency. Wason’s paper mig 
Solutions to a conceptual task." 
Situation. There are a number 0 
If the task is made a little more “difficult” by makin 
the incidence of enumerativ 


between subjects who having 
is go on to propose it as the.rule (enumera- 
d consider a number of hypotheses, though 
any of them. Enumerators could only be right 
k on the correct hypothesis at once—an unlikely 
ht better be entitled “On the need to propose 
Even this need is, however, a function of the 
{ obvious possible solutions to Wason’s problem. 
g possible solutions less obvious 


e behaviour can be reduced, as appears from the following 


experiment. 


The procedure differe 


(1) 


(3) 


PROCEDURE 
d from Wason’s only in the following res 


The subject was asked to state whether he thought his instance would conform 
to the unknown rule when he advanced it. It was, therefore, possible to judge 
whether he was knowingly eliminating hypotheses. ; 

The subject wrote his groups of numbers on slips of paper which were filed under 
“Conforms” or ‘Does not conform,” thus keeping positive and negative instances 


separate. р 
АП the recording was done by the experimenter. А 


ipects:— 


t 
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(4) Subjects were divided into four experimental groups. Group A worked under 
the same conditions as Wason's subjects (except for the modifications in (1) to 
(3) above). Group B began with a negative instance “4 2 6." Groups C and D 
did the task as a categorization problei». Instances in one of two categories 
conformed to a rule but the subject was not told which. Group C began with 
a positive instance and Group D with a negative. 


SUBJECTS 


Forty subjects were used (20 M, 20F), taken from an introductory course in psy- 
chology. They were allocated to experimental groups randomly within sexes. 


; , RESULTS ] 


Table I shows the number of subjects successful at the first, second or a later 
attempt. Сїбирѕ B, C and D appear to have a clear advantage over Group A, though 
the difference does not quite reach statistical significance. Different experimental 
conditions do not reduce the number of subjects failing altogether, but subjects 


TABLE I 
NUMBER OF SUBJECTS FINDING THE CORRECT RULE AT THE FIRST OR A ў 
LATER ATTEMPT (ок FAILING в 
_ е ———_-—-——— 
Rule correct A B e D All groups 

PRSE e ud I 4 5 3 13 
Second a р 2 3 I 2 8 

Third .. "e ae I I I 2 5 
Fourth or later ЕЕ 3 I - = 4 ә 
Failed .. Jc m 3 I 3 3 10 
e ucc СЫ eae oe HEC US ым 


who succeed do so at an earlier stage. Six out of ro subjects in Group A began by 
using enumerative procedures (on the strictest possible definition) but only four 
out of 30 in the remaining groups (2—B, 2—D). This difference is significant 
(Ё = 0:007 Fisher exact probability, one tail). It would appear that successful 
subjects in Group A may have needed more attempts than those in Groups B, C or D 
because their experimental conditions encouraged the use of enumerative procedures. 

The instances proposed were classified as either (i) Supporting the subject’s current 
hypothesis (conforming-positive or not conforming-negative); (ii) Refuting the 
hypothesis (conforming-negative or not conforming-positive) ; or (iii) Non-informative 
(where the subject is not following any rational procedure). Table II shows the 
average number of each type of instance Proposed by subjects successful at different 
stages or failing altogether. The average usage of type (ii) is very low, probably» 
because whenever one of the obvious possible hypotheses was under consideration 
the conforming-negative case could not arise. Subjects who propose several rules 
before getting the correct one do not use many more instances than subjects who are 
right first time. Experimental conditions did not affect the number and type’ of 
instances proposed to any extent. 2 

Groups B, C and D had what might seem to be a more difficult task; either they 
did not know whether the initial group conformed to the rule or not (C and D) or 
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' TABLE II 
AVERAGE NUMBER AND ТҮРЕ OF INSTANCES PROPOSED BY SUBJECTS 
SUCCESSFUL AT DjJFFERENT STAGES OR FAILING . 
——————————————————————————————————————————— 
z Fourth 
First Second Third or later 
attempt atiempt attempt , attempt Failed 
Type (i) a 5:76 4:87 6:60 7:00 6:70 
Type (ii) dE 1:46 1:50 1:20 0:50 гло 
Type (iii) A 1:93 1:63 320. 4:00 114€ 
Тоаї on 9:15 8-00 11:00 II:50 19:20 
є 4 


а 


they knew that it did not (В). But this extra difficulty had the effect of improving , 
their performance. It seems fairly clear that this improvement is related to the 
significant reduction in the incidence of enumerative behaviour in these groups. If 
there are obvious possible solutions to a probleni many subjects (perhaps the majority) 
may feel bound to propose them. It should, however, be borne in mind that this 
experimental situation is not sufficiently parallel either to ordinary life problem 
solving or to scientific investigation'to make it worthwhile to generalise on the 


basis of the result obtained. 


I am indebted to Dr. Alastair Heron and my colleagues at the Liverpool Unit for 
Research on Occupational Aspects of Ageing and to Mr. D. B. Bromley of the Psychology 
Department, Liverpool University, for assistance and advice at all stages in the preparation 
of this manuscript. Also to Mrs» B. G. Brechling for assistance in obtaining subjects. 
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REPLY TO WETHERICK 
BY 
P. C. WASON 
From the Department of Psychology, University College, London 


Wetherick makes two criticisms of Wason’s (1960) experiment: (т) that the task is 
“untypical of problem solving situations in general," and (2) that there is “no evidence 
that any subject actively eliminated hypotheses." 

(r) Wason's task was not intended to be typical of problem solving situations in 
general. His aim was to investigate the acquisition of evidence in inductive reasoning. 
The task used ‘was deliberately biased so that several plausible hypotheses about an 
unknown rule could be supported by citing instances which confirmed them, or refuted 
by citing instances which disconfirmed them. None of these hypotheses could be 

` decisively confirmed, but each could be decisively eliminated by (a) citing an instance 
at variance with it, and (b) then observing that this instance conformed to the unknown 
rule. The point of the experiment was not whether the subjects eventually discovered 
this rule (which was necessarily very gelieral), but how they set about trying to discover it. 

They could either assume that merely sufficient hypotheses were the rule (enumerative 
reasoning), or try to eliminate the hypotheses which occurred to them (eliminative 
reasoning). 

It follows that Wetherick's assertion that, "the subjects’ task is misleading in so 
far as customary methods of testing hypotheses cannot in this situation lead to a hypo- 
thesis being eliminated," is incorrect. The experimental situation is formally equivalent 
to the investigation of an event for which several superficial explanations are possible. 
An explanation can be ruled out by finding (or producing) an occurrence of the event 
for which that explanation cannot hold. Basically, the problem is this: under what 
circumstances is a possible explanation accepted as the only explanation? 

,.. 2) The distinction between enumerative and eliminative reasoning lies in the extent 
to which a subject's instances are at variance with his hypotheses, regardless of whether 
the instances conform, or not, to the unknown rule. Enumerative reasoning is clearly 

demonstrated by the announcement of untested rules, and by instances which simply 
confirm them. Eliminative reasoning is demonstrated by instances at variance with 
hypotheses, and by the absence of announcements of untested rules. This criterion is 
less satisfactory than that for enumerative reasoning because it can cover three different 
kinds of behaviour which it may be difficult to distinguish: (a) the attempt to falsify 

a hypothesis per sé, (b) implicit falsification of a hypothesis by an instance of a more 
general hypothesis which it entails, and (c) unintentional falsification of a hypothesis 
by a random instance. But these differences within the criterion are less important 
oe those differences which clearly distinguish these kinds of behaviour from enumerative 
reasoning. 

Wetherick’s own criterion for eliminative reasoning (prediction that an instance will 


In conclusion, the extent to which the phenomena reported by Wason are specific 
to the task, material and instructions used is, of course, an empirical matter which can 
only be settled by research. In this respect, Wetherick’s modification of the original 
experiment is of interest. 
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Sensory Communication, Edited by W. A. Rosenblith. M.I.T. Press and J. Wiley. 1961: 
Рр. 844. £6 8s. 7 à 

This*book contains 38 papers presented at a conference held at Endicott House, 
M.LT., in July 1959. Though sponsored by the U.S. Air Force, this was the brain-child 
of Walter Rosenblith, who invited participants, organised the meetings, and has now 
edited the book, The idea was to bring together representatives from the various sciences 
interested in the working of the senses, in the hope that “Principles of Se Com- 
munication” would emerge. Forty-two took part, (18 from outside the U.S.A.) and 
these, were distributed amongst different subjects as follows: Neurophysiology—21, 
Psychology—13, Zoology—3, Communication sciences—3, Physics—2. As one of the 
fortunate participants 1 can vouch for the excellence of the conference as an intellectual 
and social occasion, but what of the book? j 

In a brief review its scope is best illustrated by naming the authors and the subjects 
they are writing on, but it should not be assumed that the authors always run true to 
form: perhaps because of the mention of "principles of communication” in the title of < 
the conference, some authors have let their hair down, and others gone to pieces. There 
are 5 chapters on general aspects of psychophysics and its relation to physiology. S. S. 
Stevens expounds the various forms of scaling thát are possible and argues for the power 
law instead of the logarithmic law as the relation between physical and psychological 
Magnitude: Ekman describes work in Sweden supporting the power law: Licklider 
describes the remarkable analgesic effect of loud sounds: Pollack discusses the contri- 
butions of information theory and signal-detection theory to psychophysics: Rushton 
discusses the relations between physical stimulus, nerve impulses, and sensation, and 
betrays a long concealed and treacherous leaning towards chemical as opposed to physical, 
explanations: 

There are 7 chapters on hearing. Н. Davis says that the peripheral apparatus 
does not itself resolve pitch, and Katsuki gives interesting results on the frequency 
sensitivity of units recorded from different levels in the cat's auditory pathways: Roeder 
and Treat describe the moth's supersonic bat-detecting organ: Woolsey describes the 
complex cortical representation of acoustic information: Nefi describes auditory per- 
formance after ablations and destructive operations on the auditory system: Cherry 
describes a model in which pitch discrimination and localisation are performed by auto-© 
and cross-correlation operations, and experiments supporting this model. 

There are 8 chapters on vision. Ratliff gives a nice account of his admirable work 
with Hartline on lateral inhibition in Limulus: Goldsmith gives evidence on colour vision 
in the honey-bee: Bouman reviews work on quantum effects in vision: Boynton describes 
work on the enhanced brightness of short flashes, and on the variations of threshold 
near the onset of adapting lights: Lettvin, Maturana, Pitts, and McCulloch have a joint 
paper relating their electrophysiological findings to the histological structure of the 

„ frog’s retina: Jung reviews work on recording from neurones in the striate cortex: Arden 
and Soderberg describe experiments showing what factors may influence the transmission 
of impulses through the lateral geniculate of rabbits: and MacKay describes various 

visual illusions. 

Four chapters are on с 
obtained from the second or 
nucleus gracilis: Mountcastle gives 


X 


utaneous sensation. Wall describes and compares records 
der cells in the dorsal horn of the spinal cord and in the 
an account of units activated by cutaneous stimuli 
lying in the thalamus and somatic cortical areas I and 11: Rosner is concerned with the 
inability to feel the second of two cutaneous stimuli delivered in quick succession, and 
tries to account for the failure physiologically: Geldard explores the possibilities of 
cutaneous stimulation as a means of communicating information to an individual. 

Five chapters are devoted to taste and smell. Beidler discusses the mechanism of 
stimulation of the receptors, and de Vries describes some estimates of the number of 
molecules required to give rise to a sensation of smell: Landgren recorded from units 
inethe thalamus and cortex that were activated by tactile, thermal, chemical, and noxious 
stimuli applied to the tongues of cats: Pfaffmann and collaborators studied the chemically 
activated units found in the rat medulla and thalamus: Zottermann recorded from the 
peripheral nerves in a wide variety of species, finding that there is a specific response to 
water in many species, and that the "sweet" fibres in the dog do not respond to saccharine. 

^ 
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Three papers are on factors which influence the response of central structures to 
sensory stimulation. Bremer discusses factors influencing evoked cortical potentials: 
Hernandez-Peon talks about the reticular control of sensory relays: Brazier and colla- 
orators describe changes in evoked potentials produced by “conditioning.” 

Eight chapters remain to be described. One is an interesting experimental study by 
Buser and Imbert of units in the so-called “motor” cortex that are activated by sensory 
stimulation. Bullock and Fessard each grapple with the problem of how assemblies of 
neurones do what we know they do do, and Barlow discusses what relays in sensory 
pathways ought to do. Keidel and his colleagues argue that adaptation in a sensory system 
does not cause a loss of information, but is a resetting of the mechanism to improve dis- 
crimination in new circumstances. Rose and colleagues describe what may be a very 
important property of cortical neurones; with a beam of monoenergetic deuterons they 
damaged a layer at a certain depth in the cortex, and subsequently found regrowth of 
nerve terminals into the damaged area. Their animals were not, however, fully grown, 
so we still do not know whether mature cortical cells can continue to grow. Reichardt’s 
paper describes how he was led to a certain mathematical model to explain Hassenstein's 
data on the optomotor responses of the beetle Chlorophanus. It seems to me especially 
interesting, first in giving a rather complete description of behaviour that is by no means 
simple, and second because the model is sufficiently detailed to provide definite physio- 
logical expectations if one could record from higher neurones in the beetle's visual path- 
ways. Finally there is a cbapter of comments from contributors, and one from the Editor 
himself: these are distillates of the livély discussions that occurred at the conference. 

It will be seen that these 800 pages contain a lot of information, but it must be 
admitted that most of it has, or will, appear in the ordinary periodicals. Is this, then, 

another sop to our laziness in reading the scjentific literature—a monument to the 
inefficiency of scientific communication? Or is it a useful collation of experimental results 
and theoretical ideas that achieve some unity, yet would not normally come the way 
even of an assiduous reader? As a participant I may be biased, but I think the latter 
would be a fairer judgement. It is not easy for people outside the field to understand 
the limitations and difficulties of neurophysiological investigations of the senses, and 
on the other hand it is easy for neurophysiolegists to blind themselves to the greater 
problems of their subject in their efforts to Solve the lesser. Binding in one volume 
, contributions of people with such varied backgrounds may be a first step in bringing 
home, to contributors and others, that there is a Single problem here. However it must 
_be admitted that few solutions of the problem are to be found: the “principles” of sensory 
“communication do not emerge, and it was wise to omit them from the title. 

ч Тһе book is nicely produced, but three warnings are needed. First, it is not a complete 
guide to the subject, nor would it be fair to expect this from a book which is the published 
proceedings of a conference. Second, the arrangement is rather haphazard; ‘the book 
would have greater unity, and would be easier to find one’s way about in, if the chapters 
were re-ordered and grouped. Thirdly, the price is high for a book that is unlikely to 
maintain its interest for more than five or ten years. a 


H. B. BARLOW. 
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Markov Learning Models for M. ultiperson Interactions. By Patrick Suppes and Richard C. 
Atkinson, London. Oxford University Press (for Stanford University Press.) 
1960. Pp. xiv + 296. 66s, 

This book is primarily 
gramme. The authors have endeavoured “to a 
to small-group experiments that closely reser 
experiments; each experi 
Morgenstern, but the pla; 8 
an experiment the players acqui 
of repeated plays of the game. The a 
derived from the mathematical 


^ 
) 


[d 


t 7 s z 
( BOOK REVIEWS 253 


data are presented. Even so, the mathematical complexity of this first chapter is greater 
than many psychologists would cáre to tackle. This is hardly a fault on the part of the 
authors; rather, any psychologist who wishes to penetrate into this field of work should 
be a mathematician as well. Such а corclusion is confirmed by the mathematical sophisti, 
cation of the second chapter, in which the authors present certain statistical methods of 
analysis used in their research. 

In their experiments the authors required their subjects to predict on each of a 
series of trials which of two lights would light up, and to indicate their prediction by 
pressing one of two keys. Two or three subjects, each with his own separate set of lights 
and keys, were run simultaneously. The "correct" answer on each trial was not necessarily 
the same for all the subjects, and was determined for each subject as a probabilistic 
function of the complete set of predictions on that trial and subsequent to those pre- 
dictions being made. A pay-off matrix determined a priori the likelihood of each subject 
being "correct" conditional on each possible combination of responses. The subjects 
were informed of the "correctness" or otherwise of their predictions before beginning 
the subsequent trial, and this information was treated as a reinforcement in the sense 
of mathematical learning theory. Hence each trial of an experiment represented one 
play of a game, in which the two keys were the available strategies, the only possible 
outcomes were "win" and "lose," and the pay-off matrix was expressed in terms of“ 
probabilities of winning. In each experiment the subjects were kept in ignorance of 
some, or all, of the following factors: the pay-off matrix, their opponents’ predictions, 
and the knowledge that they were even playing a game at all (i.e. the knowledge that 
their success depended upon another subject's predictions beside their own). 

The data collected from these experiments consist of sequences of responses and 
reinforcements. For each trial the prediction made and the reinforcement received by 
each subject were recorded. The authors postulate that on each trial the response ofa 
given subject is determined by the state of all-or-none conditioning of that subject. 
In their one-element 0-model there are two possible states of conditioning corresponding 
to the two available responses, and these states are directly observable. In between trials 
there may be changes in the conditioning states, and the model includes a specific hypo- 
thesis about such changes: after each ttial the state of conditioning of a subject will 
change with probability 0 if and only if the response reinforced is other than the one 
made on that trial. This requires that if the response made is reinforced it will always. 


«be repeated on the next trial—a prediction which is certainly not confirmed. But this 


model does provide accurate predictions of the asymptotic response probabilities, апі 
these predictions are relevant elsewhere. 0 is a constant peculiar to each subject. Most 
considerations require a value about 0:6, but the shape of the observed learning curve 
requires a value rather less than 0:05. 

Since the states of conditioning of the one-element 6-model are directly observable, 
its conditioning axiom could have been tested directly. The authors have not done this 
explicitly, but they have pointed to this as the weakest aspect of the model and have 
introduced an appropriate alternative. The generalised conditioning model postulates 
four conditioning parameters for each subject specifying the probability of a change 


'in the state of conditioning conditional on each response-reinforcement combination. 


These parameters are all estimated from the data and the necessary and sufficient 
condition for the matrix (2.6.9.) to fit the data is that the changes in the states of 
conditioning of the two subjects shall be statistically independent. At asymptote this 


is indeed so, as is evidenced by the statistics quoted in Table r2.2. This feature of 


statistical independence is a basic ingredient in every model discussed in this book. 


But the authors fail to point this out, nor do they give an adequate discussion of the 
statistical independence inherent in their models. Their analysis of their data would 
have been more rational if this test had come first instead of last in order. 

'The generalised conditioning model has one other necessary condition: the Markov 
process of response random variables must be stationary and of the first order. On 
examination of their data the authors found that the Markov chain was stationary only 
at asymptote, and that some tests of second order against first order processes were 
significant. P ee, 

The excellent fit obtained with the transition matrix of the generalised conditioning 
model does not indicate a superiority over the 8-model, but that it places weaker require- 
ments on the data. The point of interest is now the conditioning parameters. These 
are heavily influenced by the reinforcement schedule in operation, and are different for 
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the two players. Very puzzling is the fact that this difference still holds in Chapter 5, 
where the game situation is symmetric between the two players. The authors examine 
the changes occurring in the conditioning parameters with successive trials for an 
experiment in which monetary рау-ойѕ were used with a non-contingent reinforcement 
Schedule. They find that the making of a particular response has a “reinforcing” value 
comparable to the knowledge of which response was “correct,” and that as the monetary 
reward increases, so the relative effect of this knowledge of results decreases. These 
results appear paradoxical only if we think in terms of a Pavlovian type of conditioning. 
The concept of conditioning applied here is nothing more than an all-or-none relation 
between the response and reinforcement on one trial and the response on the next, and 
has nothing in common with that developed by Pavlov but the name. 

Another way out of the difficulties of the one-element model is provided by postulating 
more than one stimulus element» On each trial the experimenter presents his subjects 
with a stimulus situation which, the authors Suppose, contains several stimulus elements; 
each subject samples a subset of these. This is very much a mathematical generalisation. 
The authors make no attempt to identify their stimulus elements with particular aspects 
of their experimental situation. It follows that in the multi-element §-model the states 

„Of conditioning are no longer directly observable, and the Markov process is of infinite 
order, allowing some sequential effects to be predicted. It also happens that the mathe- 
matics of this model is exceedingly complicated and tedious, and the authors have derived 
detailed predictions in only two particular cases. г 

The asymptotic response probability predictions are substantially the same as for 

the single-element model; hence these predictions are important even though the single 
element model fails dramatically in other respects. The multi-element model does not 
require the Markov process to be stationary to the first order except at asymptote, and 
it predicts second- and higher-order effects, although these will not necessarily be 
significant in amy realisable experiment. The statistical tests of the multi-element 
model give variable results. The predicted transition matrix fits a non-contingent rein- 
forcement Schedule well, but shows a highly significant departure in a zero-sum game 
experiment. The predicted learning curve approaches asymptote much too quickly, 
and the variance in the observed asymptotic response probabilities is rather too large. 
The accuracy of the sequential predictions falls off for orders greater than the first. 
à In their book the authors examine briefly several other models, notably a Linear 
Model and a Hypothesis Model, but find, in general, that these models do not fit the, 
data so well as the stimulus-sampling models. Of these latter models the one-element 
'6-model is the most widely tested, and this is applied to game situations in which there 
is communication between the players, others in which the pay-off matrix is displayed, 
and finally to an experiment on utility functions. ; : 


The three stimulus-sampling models, which have been examined closely in this 
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